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Chapter 12
' SIMITARITY
Similar Figures
In general, we say that two flgures are similar if they have ' .

the same shape but not necessamly the same size. For example)’

Any jtwo circles are similar.

- *
Any two squares are similar.

/

v
e 2

Any two line segments are similar.

| J

.- .
Of course, it is not true that any fwo triangles are similar.

For example, look at the two triangles below. )

|

e
They certalnlly do not have the same shape.
On the other hand there are triangles:that are similar. The * v
two below are. . \ . -’
\\ cr »
. C ‘ \ '
A . B A B
2
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4 ’ .' \
. ) ' You cen think about similar triangles in terms of shrinking
or sbretching. We can stretch the smaller triangle solﬁhat it
- X
is. the size of the larger-one. Or, we shrink the larger one
dovn 1o the size of the smaller one. ‘ -
’ . - . .
The class discussion exercises that follow will show you how,
mathematically, you can stretch or sﬁrink a triangle to form
a similar triangle. : :}
Clags Discussion
-
1. On the ®oordinate plane below plot and label the points
A(0,0) , B(4,0) , and C(4,3) .
4
5 é
’
8 -
' v d
1
Ld P *
U
7]
N
H ~ - t b
o ’ >
=
1
e i R i - < —
b3 2 101 2 3 4 b6 ;8
-~ ~ b
. [
3
=
¥
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2. Draw segments AB , BC , and CA . (Use a straightedge. )
3. What kind of triangle has been formed?
‘b, In A ARC :
(a) The length of side AB is units. . g *
(b) The length of side B0 is . units.
(¢) Is there any way we can count the number of units in ’
the length of side AC ?
5. (a) Take your compass and place the needle point at the origin

(point A) and the pencil point at point ¢ .
(b) Now draw an arc intersecting the x-axis.
(c) What is the coordinate of the point where the arc you just

drew intersects the x-axis?

(d) How many units in length does side AC seem to be?

6. The coordinates of points A , B s and C are written below.

Multiply each coordinate for each point by’ 2 , -thus finding

the coordinates for points A', B', and C' .

£(0,0) ' A, )
B(4,0) B, )
c(4,3) e, ) ‘

7. Plot and label the points B'(8,0) , and C¥(8,6) on the same
' " coordinate plane as you did for points A , B, and “C . A*(0,0)
is the same as A(0,0). We will refer to this point as A' when

discussing A A*BIC?

¢ 8. Draw segments A'B', B'C', and A'C'. (Use a straightedge.)

9. What kind of triangle has been formed?
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. 10.. In A A'B'C?

»

(2) The length of side A'B' is N units.
) \ : N
(b) The length of side B'C' is \ units.

" (¢) How meny units in length would you guess side A'C!

to be?

(@) Use the same process you used in Problem 5 and seé if

your guess is correct.

11. In order for you to see more clearly the two triangles you

Jjust drew, we have taken them "off the grid" and "separated"

them. <

?6

1
7€

v
8
sNow let us coﬁpare the lengths of correspohding sides.

(a) The length of side A'B' is ~ . times the length
— r .
of side AB . . L,

-

(b) The length of 'side B'C' is ~ times the: length-
of side BC - _ : .

-~

(c) The length of side A'C' is times the length of
side AC . : .

P
You can see that the length- of each side of the lérge; triangle
is 2 times the length of the corrégﬁbnding sides of the smaller
triangle. In o?her words, we can stretch A ABC into A A'B'C!?
by multiplying the length of each side by 2 . In the same way we
can shrink A A'B'€* into A ABC by multiplying the length of

each side of A A'B'C' by —é—

o
§ o
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The numbers 2 and L

re called scale factors. In the

triangles you drew, when w¢/ stretched the Smaller triangle
onto the larger trian we multiplied by a scale factor of 2,

If we go the other way and shrink the larger “triangle onto the
_smaller triangle then we multiply by a scale factor of % .
. . - T < o
You can see that when two figufgﬁ are' similar there are two

-

scale factors, one for stretching and one for shrinking and

they are the reciprocals of each other. N

»

. Exercises

In each of the problems below the trianglés are similar.
Find the scale factor for stretching and the ccale factor

for shrinking each triangle onto the_othér.

(a) '

> .

‘ C
3/°\°
A s B-

The scale factor for shrinking the larger triangle onto

the smaller triéngle is .
The scale factor for stretching the smaller triangle

onto the larger triangle is

C

2)1 10

‘ 5

B Al B!
26. . 13

"

The scale factor for stretching the smaller triangle
onto the larger triangle is .
The scale factor for shrinking the larger triangle onto

the smaller triangle is

*




A ' ' /
'~ The'scale factor for shrinking the larger triangle onto
the smaller triangle is
The+:scale factor for stretching the smaller triangle

ontq the larger triangle is - .

In:each préblem below the gﬁ'angies are similar. Decide whether
the gide whose length is not known is ip the smaller or larger

triangle. Then find the scale fagtor and length of the side of
‘the triangle not given for you, '

C!
Example.
o -
/6\3
A —'B

(i) fThe scale factor is 3

(11) The length of side E'B' 45 3 ' 5 or 15
(a) . '.(.i "z BI

c A — — ¢!

(1) The scale factor is
(11) The length of side AIC' 1is e or




- (v) - B!
. L
y
B yd
? - '12
5 c
- _ 5
“A- #
. Y}
N Al
(i) The scale factor is
(11) The length of side EC is
A . j » }m?‘. .
[ )
i;‘{
. . i
. 8

e )
10
/
f

or .

{
»
I
Fl
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Similar Triangles-%o. \

- . >

B4

much

Ut

Clasg Discussion

Pictured below are two similar triangles,
- . ‘ B’ - -

A C rC:
like the ones you drew. in the last lesson.

Look at triangle ACB . B
What is the measure of £ ACB ¢ ’

What is the sum of the measures of the angles of a triangle?

.

If the measure of the angle at A is 60 then what must ve

the measure of £ x ?

Look at triangle AC'B'. What is the measure of £ AC!B! ?

What must be the measure of £ x' 7

Fill in the blanks for the measures of each angle for A ABC
and A AB'C'. ’

»

A _ABC A AB'C!
() m LA = _ miA= . -
(b) m £ ACB = m £ AC'B' = '
(¢) m £Lx = méxt=__ /

(d) Complete the sentence below.

If two triangles are similay the corresponding angles

have measure,.
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Before we go on, ‘let ug review exaétly what ﬁe mean by
corresponding sides andcorresponding angles. )
. . Look at the two similar triangles below. ! f
C
. x
]
Aly A
? z
B O
' AB and A'B' are corresponding sides LT
AC and A'C' are corresponding sides g

CB and C'B' are corresponding sides .
Lx and £ x! ére corresponding angles
Ly and L y' are correspohding angles

"Lz and £ 2' are corresponding angles

Now we know how to tell if two triangles are similar:

1

(1) Their corresponding angles must be equal in measure,

4

and (2) each pair of corresponding sides must have the same

5.

- scale factor.

v

Exercises

The triangles in each pair are similar. Mark pairs of
corresponding congruent angles and pairs of corresponding sides
as is shown QP the example. :

i

Example.ﬂ




 FRIC

}

.
.
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" 5., TFor each pair of similar triangles find the scale factor.
" ‘Then find the missing lengths of the remaining sides.

Example.

(1) The scale factor is % . ’

(i1) The length of EC is

(111) The length of AC is

1

(a) B! ’\ )

(1) The scale factor is . . . . *
(i1) The 1engw?>h of CTBY 1is . or " .

(1i1) The length of ATBT 1is
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(b)
(i) The scale factor is
(11) The length of ETGT 1is . or °
(1i1) The length of BT is __ - o :

BRAINBOOSTER,

6. Find the scale factor and- the missing lengths in the similar
triangles below.

(1) The scale factor is

(11) fThe length of side iC is + __or _
(#11) The length of side BG 1is - __ or R
. ‘ 14
el

A
e ‘
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Ratios and Scale Factors

In an earlier chapter you learned that the ratio of the number "a"

to the number "b" is written as the fraction

% (of course, "b" cannot be Zero).
As examples, the ratio of:
3tod is % s
¢
5to 7 1is % s
‘ 7
T to 10 is 15
8
8 to is = .
3 3
Look at the similar triangles below. B!
10 ' ' °
8 - "
1 1
A ¢

You can see that to stretch A ARC onto A A'B'C' we would use a gcale
factor of 2. Or, to shrink A A'B'C' onto A ABC we would use g

scale factor of % .

An easy way to find the scale factor for two similar triangles is

to.compare the lengths of corresponding sides by writing them as a ratio.

.

In the drawings above:
length of A'B!

10
= - = 2
length of AB p)
length of A'(C! A 6 A
length of AC 3
length of BT 8
4 = = 2
length 6f BC L




Now this tells us tha T

length of A'B' _ length of A’CY _ length of B'C'
length of AB :  length of KE length of BC

that is, the ratios of the lengths of corresponding sxdes of similar
triangles are. equal.

We can now use this idea of equal ratios to solve problems
involving similar friangles. '

Class Discussion

g

The two triangles above are similrar. We want to find "the
‘lengths of sides A’C' and B'C'.
TR . ' .
1.4 The ratjo Iength of A__B = & !
o length of AB _—

==
2.  The ratio iength of ATCT |

length of AC

E]

3s Knoying that the ratios of the lengths of corresponding sides

of similar triangles are equal gives

x = 6 (Write in the missing denominators, )

N




L 2N

=

b,  You know that if

o’le
ReTl o]

) then( by multiplying as shown,
. .‘I y @& *d=b-c..
This is ho_w,we cbmp_are two rati,.onal numbers and ’is called -
the Comparison Property. Use the Comparison Property and
fill in the blanks. n
' —tx=__"6
’ so, 3 *x =30
5+« To.solve the equat.’rqn 3¢ x =30 we nmust multiply both sides of
the equation by L *So e3ex = +30 and x =

. = .
3 — YU —
.

6. The value for x s and thus the length of side A'C', 1is

»
’
4 -

‘Let us use the same procedure o find the length of side "

BTCT. £

s
i . . .

—-'-—-'— . ; e
7. The' ratio length of A'B -

length‘ of AB

8.  The ratio \&ength of B'CT = L
’ . length of EC —_—

. ko]
9. Knowing that the ratios of the lengths of corresponding sides

-of similar triangles are equal _gives
-‘L‘ M ~

Yy _.6 "

(Write in the missing denominators.)

‘ .
10. Use the.tomparison Property and fill in the missi;fg* numbers.

—_— Y= ¢ .

S0, 3+ye36
11. To solve the equatioh 3.y = 356 we multiply both sides of the

equation by « So, __3+y=__+36 and y = __ 2

12, The value for y, and thus the length of side B'C'! is
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Exercises »

~

Use equal ratios to find the missing lengths. The triangles in
each prqoblem are similar.

1. ) c'

A!

»

(Show your work in the space below.)

’

(Show your work in the space below.)




B At

At

(Show your work in the space below.)




(Show your work in the space below.)

>
v -

X3
»

@

In Problem 3, what is the scale factor for
A ABC onto. A A'B'Ct ?

3

stretching




BRAINBOOSTER,

T. We have a flagpole which we want ép find the height of.
" We do not Want to cut it down mor do we want to climb it.
How do we find the height of the flagpole? — '

‘Directions:

(i) Measure the length of the flagpoie s shadbw, A8 .
. +(if) Measure the length of a friend's shadow, A'B' at the same time,
(111) Measure the friend's height BCT.

~
- +

-,

;f the two triangles are similar (and they are) you can easily
solve this problem since

length of the pole's shadow _ _ height of the pole (x) .
length of the friend's shadow =~ height of the friend

If the friend is 6 feet tall and casts a % foot shadow, then
how high is the pole if its shadow is' 2k feet?

!
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* How a Photo Enlarger ¥Works; Pardallels and Similarity
) T - ) .

Y If we haVéfé’§E§?pgle, such as pictured below ' ) .

e B -

<
g

and we draw a segment DE , parallel to one of the sides.

7

U - \) |
'’ * Z \ .
c ) .
et : ’

then, the triangle formed, A.DEB ». 1s similar to the triangle we
« . : i . 4 -
started with, A ACB . . S i

o

A photo enlarger is & falrly simple -,

. 8PPldcation of this idee. Basically, it

is just a box With a horizontal glass
* shelf in-the middle. The hox is light-
proo? éxcept'for'a,ﬁinﬁole in the top
through which light may pass. (In
order to admi't more light, lenses are
used instéad“of a pinhole, but the light
‘comingfﬁhrough the lenses acts as though
it ‘came féom a pinholé.) ‘

N »
o s

" Y

pinhole

-

horizontai glass shelf
ho?izontal bottom

ERIC = .




In the dark, a photo negative .
.1s placed on the glass shelf and a
. piéée of light-sensitive photo
paper is placed on the bottom.
The door is Qpen closed and -the
Iight is turned on. At any point
“on éﬁe photo negative, the shading
determines how'mich light can pass
through to reach a point on the

R T e b (e . e e e
;

. paper. Thus a correspondence is

established between points on the

photo negative and points on the paper.

O . P’
—_ - ~——2____— pinhol
A ‘ ' . pimnoie

12 inchés

-

24 inches

Figure 2

We will say that the vertical distances from the pinhole to the two planes’
dre 12 inches and 24 inches.

You can see that QA 1is parallel to Q'A', so that
A PQA is similar to. 4 PQ'A?
The scale factor in stretching A PQA onto A PQ'A' is

length of PQT _ %}5 . o,
length of PQ

23 )
“4) - -
L i
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Now if we take any. other point B on the photo negative (as in Figure 3)
then A’B' is parallel to" AB 2

-

12 inches

&

Figure 3

and we have A PBA similar to A PB'A' . Again the scale factor in
stretching A PBA onto A PB'A* is

* length of FAT _ 2b

: — = or 2,
length of PA 12

You can see that the distance between any two points in the
enlargement is always twice the corresponding distance on the photo 4

negative.




o
t

Class Discussion'

.

';Suppose we use the same photo enlarger and want an enlarée- )
ment that will be three times gs large as the photo ‘negativé.

How far from the top‘ should .the shelf be placed in order.to do )
this? ] ' -
Solution. * .
8 . 1
1. 1In Figure3, APBA is similar to A PBUMA! , ) , -
2. Then A
= )
length of fﬁ = scale factor ) . ¢ 2
" length of PA ‘ o »

" is the ratio that will give us a scale Pactor.
‘ o :
3. Since the length of PAT is 24 and the desired scale

factor is 3 ;, We can then write

\

.2k
(iength of TPA)

=3
1

b, Using the comparison property

f

1+ 24 =3..(length of TR)

-
v

Wi

b -
5. Multiplying ‘both éide§ of the egquation by
“l 1y° —_
(-3-) c 2k = (.-3-) * 3 +(length of PA)

L

8 = (length of FPA)

Thus,_the shelf with the photo negative on it. should be 8
inches from Ahe fiop. .o

pesca




Exercises

The glass shelf in the phote enlarger is movable. How far from
T .« o T . ;] .
the top should the shelf Me placed in order to get enlargements with
the following scale factors? Ude the fact.-that '

ek _ scale factor
length of PA 1

1. A scale factor of L .

Distarice from top =

A scale factor of 6.
4

*

Distance from top =

A scale factor of 12 .

”

- Distance from top =




.
-

)
BRAINBOOSTER,
L. A scale factor of 5 .

L}
.

Distance from top =

»

P

inches.

i

27

2D
e



' How to Divide Up a Line Segment

- 3 ’
Picjured below is a number line with perpendicular lines drawn
through the p01nts 1 through 5 .
» ~ LA

‘Ei’ - 32 33 . Eh‘ . 35
4} T ' A )

;‘
%
\
\

b

{
i
H

N . %) ‘ Y ’ y v

Becéusg zl ,‘22 ’ 23 ; Zu , and 25 are all perpendicular to the
same line, you know that they are parallel to each other. Furthermore,
as they pass through the points 1 »2,3,4, and 5 which are equally
spaced on the number line, you know\that these parallel lines are equally

spaced.

-

We have drawn segment ' OR which- intersects 21 3 22‘, 23 , and zu
at points Dl y El s Fl , and Gl .
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’
Class Discussion

Take your compass and place the needle point at O and the -pencil
point at D . ' '

Without changing your compass setting, placé the needle point at
Dl' and the pencil point, at El . :

Is ODl = DlEl ? K

Place the needle point at El énd the penéil point at Fl .

Is DlEl = ElFf ?

Again, without changing youi setting, use your compass to find out
if ODl y Dl 17 ElFl B FlGl ) and GlA are all congruent

to each other.
Are they? )

Use a straightedge, to draw segment OB :

Use your compass to f£ind out whether the segments cut off by the
parallel. 1ines in OB are all congruent to each other.
Are they?

Use a straightedge to draw O0OC . K

Use your compass to f£ind out whether the segmeénts cut off by the
parallel lines in OC are all conéruent to each other.
Are they?’

Do you agree that, no matter what line segment is' drewn so that it
passes through these equally spaced parallel lines, the segments they
cut off will all be congruent to each other?

* .
1
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Now we will show you how to use these ideas to divide a line

segmenht into smaller congruent line segments.

Stuppose we want to divide Xﬁ into four smaller congruent
line segments., . ‘ o .

>

p —

A S ‘ : F ‘

. Drav'zaray;Fl" .

A-

We take.a compass and lay off four conga.lent segments. . AB 3
35,'55, and DE on ray AT .

» )




-

Now, if we construct the lines through points B , C , and D
perallel to EF , . they will intersect AF in three points, x , y ,

and 1z, -

and AX ,‘ff ) Y2 » and 7F ‘will be congruenﬁ to each other. Thus,‘we

have divided AF into four smaller congruent segments. We have also formed

four triangles -- & AEF and three smaller triangles all similar to A AEF .

The problem with using the above method is that constructing lines
that are parallel is not an easy task. Fdrtunately, you always have
equally spaced parallel lines available to you. For example, the lines

Any

on- your notebook paper are parallel and equally spaced.

We will use: the equally spaced parallel lines on a piece of notebook

paper to divide a line segment ihto smaller congruent line segments.

- 31
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Problem. Divide line segment AB into three smaller congruent
line segﬁents.
A . . B
| |

e
|

The equally spaced parallel lines below are much like those

in a pigce of notebook paper.

T 1. First, we pick a point Bl on one of the top lines.

2.. , We place the needle point of the compass on point B and
the pencil point on point A . X

3. Without changing the compass setting we {place the needle
point on Bl and draw an arc intersecting the lines. Any
line segment drawn from Bl ~to a point on the are will be

congruent to AB . . .

-

4. We want to divide AB into three smaller congruent line

segments so we find the point where .the arc intersects the

third line down.from the line that contains Bl and label

that point Al .

5. Now we draw AlBl . DNow the parallel lines clearly divide

segment AlBl in three smaller congruent segments. As

'AlBl =AB all you need to do ig take your compass and lay off

these congruent segments on AB .

SRS 32
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Use the equally spaced parallel lines below to divide the given
line segments into smaller congruent segments.

Exercises

1. Divide AB into three smaller congruent line segments, *

- .
£

2. Divide CD into five smaller congruent line seéments.

Co— : oD

E o / o F

—

) 33
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Ratios and Similar Triangles

Earlier in this (chapter you found that the ratios of corres-

ponding sides o lar’ triangles are equal. Knowing this, you

were abde to solvé problems involving similar triangles. For
_example, to find the mdsging length of A'C in the two similar

triangies below.

You first wrote

then
' length of ATC
e ——————
length of AC.

~ x - .6-
873
, ~ ) V| ]
C 3+x=8-6/
> ' //

<

) |
Multiplying both sides of the eghation by %, you get
f b /

N
L G350 . ~
. ) ( 5
or /o x =16

rd

/
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T - : . ’ 7
Thus, the length of A'C' 1is 16 . Of course, if you saw that the
scale factor wvas 2 then gll you had to do was multiply 2-8 and’
you would have had the answér% Often, though, it is not easy to.see what
the scale factor is.. . J

.. - .
LN . .
[

. . 112N
RN - Class Discussion
. In the last lesson'you learged that if you have a triangle,
- ~ . ) J

-
v

.. B
» » » . -~
.

and you drew a line aégment, DE , parallel to one of the sides’

-

.
B o . -
A ’
™ .
NI .o . +
. R N . .

¢ E B

then the triangle formed, A DCE , is similar tp A ACB .

Suppcse you have two similar triangles and the lengths of certain

A

sides of the triangles are given, as is shown below:

‘Can we find the length of the side x 7 Your knowledge of equal ratios
and the comparison property will let you find the length of x .

L]

_ 35
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- 1

1. Suppose we ﬁant the séale factor for shrinking the 1arger'triangleb |
onto the: smaller ‘triangle. Then, using the sides of theé triangles T
. that are horizontgl, the scale factor, wribten as a ratio, would

be : .- - ’
2. If we use the sides’ of the triangle that are vertical, then the

- same scale factor, written as a rhtio, would be

3. Now we know the scale factors'are equal and thereforé'thé ratios
" are equal, so

.- v X =, .

k, Using the compxrison property we get
¥ = .

So, 100 -x = 160Q
5. To solve this equation we multiply. both sides'bx .
6. After doing the arithmetic. we find that

X = ..

Exercises

=  The triangles in each problem are similar. Use equal ratios to

find a value for x *

1. , (

100

.l

(a) Write the equal ratios here.’ .

(b) Use the comparison property.

(e) Muitiply both sides of the equation by the correct number,
which is : ' .

(d) Do the arithmetic to get the answer. x = -
, 36 .




v
10Q
Write the equal ratios here.

Use the cbmparispn property.

Multiply both of the equationé by the correct number ,
which is .
Do the arithmetic to get the answer. X =







(Do your work below.) |

39
7%
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“'Similar Trisngles, :Ratios, and Percent
In the lastvlesson you may have noticed that in every problem the,
- ' \ « !
larger triangle of ‘the two similar triangles had a°side of length 100 .

In shrinking the larger.krianéle onto the smaller one yoﬁ’wrote
. a ratio in which the 100 was in the denominator. For example: .

’

~
100

Using the horizontal sides of the two triangles you wrote
‘ 50
100 ’

<

and then using the vertical sides you wrote the ratio

-i N .

80 °
As these two ratios represent the shrinking scale factor and as
scale factors in similar triangles are equal, you then could write

\
' .

X _ 20
-80 ~ 100 ° i

Your knowledge of the compariéon property and your ability to solve

{
<!~ ‘equations then let you do as follows:
‘% _ 50
(2) % = 1o

(b) 100 -x = 50+ 80
(¢) 100 - x = kooo

(@) (%) * 100 * x

1 .
(T55) * 4000 ~*}f"

100
(e) x = ——-—hf&o ,
(£) x = ho
Lo
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Although you may not have realized it, when you worked these problems

you were glso solving a percent problem.

Whenever a ratio is writtem with 100 in the denominator you are
writing that ratio as a percent. For example,

20 50 percent. /r\\~——//<

100 may be read as J

As the symbol for percent is % , we can then write
50 - o
o = 01w = 5% -

1
You can see that 166 l% .

Class Discussion

Let us now use the idea of similar triangles to help us solve

P
.

a percent problem.

Problem. 305 of 80 is what number?

Picture Solution:

(a) On the grid on the next page, .count over 10 squares on the
x-axis and mark it 100 . This will represent the horizontal
.leg of the larger triangle.

Now count over 3 squares on the x-axis and mark it 30 .
This will represenﬁ the horizontal leg of the smaller
triangle. Notice that.you now have pictured the ratio

f%% or 30% .

Count up 8 squares on the y-axis and mark that point

80 . Use a straightedge to draw the segment that connects
the point marked 100 to the point marked 80 . You now
have"drawn the lérger of the two similar triangles.
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(d) Now, put your straightedge on the point marked 30 and as
nearly as you can draw a .line' parallel to the segment you
drew from 100 to 80, so that it cuts the y-axis. Mark
this point t .7 You -now have drawn the smaller of the two -
similar triangles.

(e) Make a guess as tc; where the point t 1lies on the
y-axis.

-

|
Y
' X
- —
Y ‘ .
T 3
Arithmetic Solution:
30 _ ¢ .
100 80
* 308 = 100t
2400 = 100 - %t
1 . _ 1,
(-ib-d) 2hoo = (16'5) 100 - ¢
2 = 't'

Therefore, 30% of 80 1is .24 . How close was your guess to this answer?

Q

A ruiToxt provided by ERl
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. ) Exercises

N Each of the problems in ﬁEfF exercise get is a percent problem
piétured on a gria. "We have drawn one of the two similar triangles for
you. You'are to draw the other triangle by drawing a line through the

marked point parallel to the given line and then estimate the answer.
Exemple. What % of 80 is 20 %

; . —
yl
P You are-given this type
//’/' of picture.
~ L
v
i “\5\ /|
) N \\ // !
m \\\ " -
. - N "
> L'.J L 1[;0‘ :

You complete the picture
like this.,

What % of 80 is 20 ?
About 25 % .

. X
10

Estimate the value of this point.

ERIC y S
' SN
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X -
Lo ' P
» ‘\\‘
\\
\\ 5
. 4 X
+ - 5b. \io % '

506 of 80 is about




3..

-

2. What % of 40 is 107

|
T

I
1.

g o

s

S~

A~

Y

!

5 . N

100

10 is about % of Lo ?

Lot

4o

of what number is 20 ?

A

45

of about

100

12-Te




15% of 60 is what number?

12-7f

y >

L

P

. N
* if 1
15% of 60 is about .
o

What % of 150 is 30 ?

y

LS

1

I 1po

30 is about % of 150 .
_ L6

ro,
Ha




doing. = If your estimates are within 5 of these solutions ‘you have

25% of what number is - 4o ?
¥ . .

”

4o

“+ .

25% of about © is

Here are the solutions to each of the problems you just finished

done well.

1. 504 of 80 s _bo
2. 10 is 2%  of ko,
3. 4% of 50 is 20.
b 1% of 60 is 9 .
5. 30 is 204 of 150 .
6.

25% of. 160 is 40 .

)
4o~
.

47
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. : "25% of "120 is what number?". -

e T

> )
s .
Solving Percent Problems

Suppose you are given the problem, -

You know that you can picture this problem on a grid and estimate the answer.
.In most cases your estimate will be close. But we need to be more than ’
close. We need to be able to get an exact,answer. Picturing percent problems
on a grid not only 1ets you estimate the ahswer but it also iets you éee the

€ IS .

ratios so that you can get an exact answer.

Iet us picture the probleng "o5d, - of 120 is what numberV"'- ori g

grid and see if we can arrive “at the exact solution, not just an estimate

ane
wt . "y v B N o
+
- . .
y‘ . ; e - ) .
v .
'

~ LI
. e \, »
- ¥
. ‘

s ) ‘\\ < ¥ .
“\ [ ' ‘ 17 %

Looking at our plcture we can estimate that the answer “shauld be close

\

to 30, but we are really mot sure. j

N
L4

We do know that the ratios of corresponding sides of similar triangles

are equal; so we can write: E . T
Lo B : ,
120 ~ 100 ° -~ . *

Using our knowledge of the comparison prOperty and our ability to solve

o

equations, we then write: . . . R et
100 + t* = 25+ 120 , o :
’ 100 -t = 3000 , ot e ’
(—0-6) 100 + t = (100) 3ooo‘,’ - : o
t = 30. 7 :

' We now have found the solution to ®he prqblfm and we see. that our. estimate .

was. g4 good.- one. - . . 48 -d A . .
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Exercises

For each problem make an estimate of the solution by drawing similar
triangles on the grid. Then use the comparison property and your ability
to solve equatf%ns to find the arithmetic solution

-
v

.. 25 of 72 = 2?2 =

‘-

. -
2 -
-, -

4

N,

' ] h 1 X
Y o T

N

(a) Write the equal -ratios here:

(b) Use the comparison property.
(e) Multiply both sides of the eéﬁEtion by the eorrect number

(@) Do the.aritgmetic to get the answer.
o
25% <07 T2 =

k9

1)
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. - _ [ -3
2 32 of [CAN S S (Show arithmetic solution below.):
e ' s 4 \
1‘ £ A" . N R t- . \’_./ .
A
N\
N N .
i .
N
. \té x : e .
52 L N + | . :
[ 32% of. 75 =. - . ‘

. .Y

3. What % of 125. is 65 ¢ (Show arithmetic solution below.)

RENED

"% of 125 is 65 .

) , v
ok -

.50

-
by ?
2y

~




-

[el
0
-

{
N

«

12-8¢

(Show arithmetic solution below. )

t 11T

TR .

% of 75 is 15.

32% of what number is 2k ?
) . » (Show arithmetic solution below.)

3%% of is 24 . .

51
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Pre-Test Exercises.

These exercises are like the prdblems you will have 6n the chapter
test. If you don't know how to do them, read the section again. If you
still don't understand, ask your teacher. ’

1. (Section 12-1.) ‘ ‘
Find the scale factor for stretéh{gg and the scale factor for
shrinking each triangle onto the other.

C!
(a) C- |
P

A - B
7

The scale factor for stretching is
The scale factor for shrinking is

The scale factor for stretching is
The scale factor for shrinking is

2. (sectiomn 12-1.) : -0
- * Find the scale factor and then find the length of the side of the

triangle not given to you.
-, o

2




3.

(Section 12-2.)
The triangles below are similar. Mark’pairs of corrésponding sides

and pairs of corresponding angles.

Al

L,

(Section 12-3.)
Use equal ratios to find the missing length. The triangles are
similar. ) B!




- e e
.

6. (Section 12-6.).

12-p-3

5. (Section 12-5.)
In‘the draving below, 4 , %5 5 %3, eand 4, are parallel and
equally Epaced. They are cut by a transversal, t .

5

7

- — 4
71

--— 2 >

. R 22

-

)
\
4
)
- W

What do you know about the measures of segments AB B BC , and CD ?

.

Use eéual ratios to find the value of x .




v
f " 12-P-k
i
- { 7.  (Section 12-7.) ) ‘
;. }t 5 — a l —- e f’ ' . ~
- 0 -~ 2 106 ° . % ' S
. ’ ’ '
i 8.  (Section 12-7.)
/
. Estimate the value of ¢ . : . - ‘.
! v N ;
: . 2N
1]
t ' .
' N -
1
. ‘\ « \\\ T .
N\
20 \\ T
) TN
T - A N
. . z M | "
] ’ + R 1do o
) +t 1is about N B ’
' 9.  (Section 12-8.) . , .
On the grid below use similar triangles to estimate the answer to
"20f, of 90 is what number?". )
./’
A +
< /
.»—




.“:i" ’ - b <
f:”{ ) -
&
£
_ 12-P-5
;i :
i 10. (Section 12-8.)
= Solve for x . _ ’
S E B -
* (@) 55 =% - )
) E:3
X =
10 9 ST
) 16 =%
X = .
P - ]
x _ 25 ) A
(e) 100 ~ 50 ) )
_
X =
=
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1l.

(Section 12-8.)
() 3 iswhat % of 127 . . .

~

‘ 3 is % of 12 .

(b) 15% of 80 is what number?

156 of 80 is . .

(¢) 30% of what number is 36 ¢

306 of ____ is 36.

o~
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Test < , 7

s’ -

Find.the. 8cale factor for stretching and the scele factor for’
shrinking each triangle onto;pbe other.

- . 1

(a) , ,
C.oer T
N ) .
, A y B, - Al
C

The , scale fécﬁoi for stretching is

The scale factor for shrinking is

l

21

The scale factor for stretching is - -

The scale factor for shrinking is

——— s
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‘<2, ° Find the scale factor and then £ind the length of the side
. - not given, ‘

et

,.

AN

N

D s
ORI IORR L .
D I e B e . T VP F ) B B
L 2 e

3
L

3

L I T Ty

*.

o

B N T

.
.
e =

e p———

* (a) Scale factor is . (b) m ATCT = .

3. The triangles below are similar. Mark pairs of corresponding sides

g and pairs of corresponding angles.




Use equal
similar.

(a)

(b)

.

tios to find missing lengths.’

12.7-3

The triangles are

C

61

X
R4

N[




. s l2-p-k L

3
1

5. . In tpe drawing below; zl s 22 s 23 y. and Eh ;. are pérallel ahd equaliy
spaced- They are cut by a transversal, .t .

4 .

" . v %

2

0
AN

. 6. Use equ;l*ratios to £ind the value of x .

a

»
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50 1.
L T 1
8. Estimaste the value of + . ~ -
\ 60 »
&R\
] TN
30
N N
‘\ . ‘\ .
‘ . N : N .
» \ \
‘ . t P 100 :
t 1is about ) -

9. On the grid below, use similar %riangles to estimate the auswer to
« "30% of 40 dis what number?",

-

. x P
f
. - +
A
> . * . B /
"‘
£y g *

LY
\/ M
[
- >
-~
»
» )
L)
K N "
.o -
-+ sl
»
1 8 d
H , .
. A 3 .
*
v 1]
# - LR




X=
10 18
b} == = =X
(b) 100 = X )
. %

4 x=>
XL 4
(©) 155 = 60
%I &
~ o X =




11. (a) 5 iswhat % of 20 7 |

Ve e N ety o

5 is 4% of 20 .

(b) 256 of 80 is what number?

25%"lof 80 is .

(c) b40% of what number is 36 ?

L 3




\ " Check Your Memory: Self-Test . (f

\ .
1.~ (Section 8-4.) ' i : ‘
3 . ,

RFil¥ the blanks. |

(a) -To undo mltiplying by %', you multiply by - -

(b) To undo adding 6 , you |

(c) To undo adding -% , you ] . /

(d) To undo mltiplying. by % » you R

2. (Section 8-6.)
Solve these equations.

(a) Tx =735 ,, (@) ="
X = ! tx o=
. ’ 1
(b) x-11=75"1 4 (e)" §\£ -2=4
X = X =
3 _
(&) I x =6
X =
3. (Section 10-5.) >
Put a decimal point in,the following numbers so that:
(a) the 5 1is in the tenths place . 346185
(b) the 8 4is in the ones place 70893
(c) the 4 is in the hundredths place 245671
(@) the 2 1is in the thousandths place" 56214
(e) the "3 1is in the tens place ‘ 308 ~
’ = ‘t «d
k. (Section 10-11,) :
Multiply. \
(a) 2.8 x 100 =
(b) .372 x 1000 =
(c) U8 x .25 =
(d) 2 x .125 =




50

(Sections 11-5, 116, 11-T.)

In each of the following figures, find the measure of [/ x .

-

IS

- p'Y
(a) m/Zx = .
,(b) mn/x= »
) '
120
N 7 —>
~ 1 - *
. - X 2
Y .
(e) m/zx = -
67
oS

a re
. : .3
v * ' v
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. 12-R-3

© 6. ;‘(Seqtion 11-4.)

". Sketch a figure to show what this looks like.
: coo | 5 ' ’
r “ ﬁg L ¥ .
‘ 2 ——- — - * /l ‘&:’:.
3 HG = FF -
: ¥G L HG ’

What kind of figure is this?

Néw chgek'your ansvers on the next page. If you do not have them all

right, go back and read the section again.




- Co ) 12-R-4
. . . % 3

Answers 0 Check Your Memory: Self-Test .

-1, (a) :-11-": ‘ - . - . ' v

.
g

' (b) add "6

(c) add % L ’ . .

(d) multiply by g

2. (a) 75

. () 6

. (e) 8 .
(@) 56 ' o
(e) 9

3. (a) 34618.5
(b) 708.93  *
(¢) .245671
(a) .sé2h . T 7
(e) 30.8 '

4 (a) 280 .
(v) 372 | S : .
(¢) .1200 = .12 ° ' - '
(d) .250 = .25

5. (a) m/x =140

(b) m/x =50
(c) m/x =60
. ,
4
4‘.]
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6. The figure is a rectangle. (Tt is also one kind of parallelogram,
and you may have drawn & équarg.) It may be in many positions, °
like these: '

$4

ete.

However, the angle at H. ghould be opposite the angle at -F

no matter which way you drew it.

70
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numbers themselyves, and you found that they obeyed certain

" . are located on the number line.

bossible.

Chapter 13 ) : .
'MORE™ABOUT RATIONAL NUMBERS

X
8

Introduction

In your-very first experience wi%hxnumbers, you used numbers to
- N
count things. You could always find an answer to problems about“‘chin_g~
(and therefore about the numbers you used) simply by moving the things

\

themselves and counting again. \\\
>
Later you learned to add, subtract, multiply, and @inde the
ules. When

you worked with whole numbers,‘for instance, you knew you could choose

two numbers, like 5 and 3 ; and add them, and that you would get

’just one answer, -no matter whether you added 5 + 3 or 3 +5.

When you chose two numbers and tried to sﬁbtract, however, you
found that 5 -3 =2, but for 3 -5-=%, _you did not get any

answer at all.

In Chapter 5 you learned that the problem 3 -5 =7 does
have an answer, - 2 ,~.in the numbers called integers. Youlleafned_

where these numbers are located on the number line.

. In the same way, you knew that when yoti multiplied two whole
numbers, the answer was always a whole numbei, and it didn't matter in
which order you multiplied them. 6 X 3 =18 and 3 x 6 = 18 .

-

When you tried to divide, however, you found fhat 6 divided by
3 is a whole number, but 3 divided by 6 1is not.

In Chapter 6 you learned about rational numbers and you found that

3 divided by 6 {s a rational number which may be called 6 or %

or or many other names, and you learned where the rational numbers
of ! th d 1 d wh th tional b

For a long time you have known how to "coﬁbute" using whole numbers.
You know how.to go about getting'the answer when you add and multiply

whole numbers, and how to subtract and divide them when an answer is

. . . . . 72

14
/83
L]
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’~133

3,
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You also know how to add, subtract, and multiply integers, but you
. have not yet studied division with negative integers. With rational.
numbers. you can multiply and divide, and.you know that you can add and’

subtract all ratiopal numbers, but there are some kinds of problems you'
still have to learn how to do. )

In this chapter, then, you will "fill the gaps" in your, gbility
to compute with integers and rational numbers. You will learn to divide

with negative integers and to add or subtract any rational numbers, using

fraction names as well as decimal names.




. Another Look éE Integers

Before you go on to division with negative integers, let's be sure

, you remember what you learned earlier about these numbers.

Class Discussion

‘.lnllinixlllllLAIQIJI;L'
.. tfr tr 1 T 1T +—+r r©r +r—&4ooTr o & & T 1T r ot
01 23 45 6 78 9 10
1. On the number line above, the only points that are labeled -
correspond to whole numbers.. You have seen that the numbers to the
right of zero are also called integers. To the
left of zero are the integers, which are the

opposites of the positive ones. You have called these "opp’lf,
"opp 2", and so on. You write 1 , 2, .... On the number
line above, find the point that is one unit to the_left’of 0

- ) and label it "1 . ILabel the poipt that is two units to the

left of O as 2, etc.

2. The point that is 5 wunits to the right of O corresponds to
. The point that is 6 units to the left of O

corresponds to .

. .
3. The number is neither positive nor negative.

. £
b, Every integer may be represented by an arrow above the number line.
The direction the arrow points shows whether the integer is positive

or negatiée. The arrow below shows'the integer 3 .

—

d " 3 4
L T T

98TTT6SH3T210 123 k56 7.8 9.
t <

- - 2

How many units long is the arrow?

Which directionfdoés the arrow point?

Th i
Kl




o ‘ b
: iy .‘ls‘la
5. ' )
”' & Y
S PR e e s e e A e e
09876543 27101 23 456789 10
« The arrow above is - units long.

’ It points to ‘the _ ‘ .

-

It represents the integer .

1 '.- \l' ! 1 i ' | ".L I. i { | I .! "l 4 L 1 i P
tlb'é'é‘%"s"s'h‘é‘?" 01234586789 1o

-

-

The arrow above is.. units long. : -

- It points to the .

"

It represents the integer e
7. To solve 6 + "3 using an a}row, we start at ‘6 and draw an arrow
3 units long pointing to the left. T
-t + :- ——r———— —t— ;Aﬁf + —
1079787765372 0-1.2 3 b5 6 7 8 910-
v
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?

-
-

'8,~ Each of These mumber lines can be used to solve an addition, - = * :

.= . . . - -;‘ B
pI‘ObleInn ‘ ) . y )
(a) -~ R + ‘ ' © ,' ‘ " o

.\
o
I
#
Gott
ot
o

o4

-

ot

(93

(v)

ﬂ;. l_;‘. Py S | SN %l > .
65 k321 01 2 3 k5 6 .
“(e) | '
¢ e——t—t—t—t— - ‘

-
=
O+
HT
ot
w+
o
Ul
ot

- 4

7675 4T3 T2 T

)
. .
v , -~ -
2

' Write éhé letter of the number line that goes with each problem;

" and then give the ansver. . : ’
C)Tak- YheTsm L

- -

- ()5 ()

5+ 4=

-~
-
[Ny




MULTIPLE CHOICE.

(a)
(b)
(c)
(a)

" (a)
. (b)
(e)
(d)

’ (a)
(b)
(c)
()

(a) .
(b)
(e)
()
(e)

9. The sum of two positive integers is always

positive

negative

. zero

none of the above . ’ n

10." The sum of two negative integers is always
~

positive
negative Y
z%ro

none of the above'

1l. The sum of an inteéger and its opbosite is always

positive
negative

zero - //

none of the above

12, The sum of a positive integer and a negative integer is

positive if 'the integer farthest\ggpm zero 1is positive
negative if the integér farthest from zero is positive
positive ‘
negative ’ M

Zzero .

1§. (a) In workiﬁg with whole numbers, you learned that 9 - 7 =
(b) In the set of integers, 9 + 7 = . '

’ii”</(é) Subtraction problems may be rewritten ag addition problems so )

you . ' the “of the subtrahend.-

that




3 13-14

v

)

1k, Rewrite each of the following subtraction problems as an addition
-7 problem and find the answer. ‘

{’ \

() b -3 = (subtraction problem)

. ' : (addition problem),

—
o’
e

U
w
]
no
it
5

.
- s ' »
Y L]
. .
2 - .
. . .
s ¥ .
. .
. .
\ - i .
\
-
b ’ ’
- - — -
() 4-7"3=_ A e
e ——
S , ) .
, . - } )
. - ] ‘e
e
! -
- .
i .
. .
~ h v ‘§ . »
.
N .
12
‘ * (d) =
A ————— Y
*
y -
] A A .
o
" 3 i h -
. .
iy . " -
.
.
~ » >
’
¢
. .
.
Al 4
. ] ’
..
. -
.
* .
. -
. .
- - ¢
<
<t
+
. .
.
' 7
~
A 4
. . .
F} 2
. . ’ . ", . —~
> * 78
1]
| ERIC - ! .
. I'd . ~




- < , P ) . 13-1le
S Exerdsés_
l) = b - -
et v T -8 B A P R , W
< —— t + —F -t t t t } —
: 0]

[ -

On the. number line above, letters are u_sed to stand for positive
: + &nd negative integers. Zero is shown on the line. In the blank
be51de eaeh tetter below, write the letter that stands for its

opposz.te SR .
-(a) A -~ .
() v . : ' T
(¢) P - }
. . . . . ‘ LY
@ B__- -7 .

. 2. .\ The fu,nc':tioﬁ\ f~x'—»opp X is often called the opposite function.
" Complete the table of inputs and outputs, and graph this function

. on the coordinate plane below. ’ .
f : x~——-op“p x . Output
? . ® - v/ ~
.| Input Output . n i
« x opp -x —31=
‘- IaY
L y . i - : .
=3 -
. oy N ey e iy =~ Input
0 - ; 2 ol L2 4 ¢
- - ':‘ *
1 " 2
“ ; 3 .
L
. ‘Y
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" Fill the blanks with < (is less than) or > (is greater

_ than) to meke each statement true. o
‘ (a) 3__-5 ' T
() 7____ 2 g .
~(c) 6 ____ 4
(@) 5 78
(e) "% - 73 .
(£) 16 "1 s )

Find the answer to each problem below. If it is an addition problem,
you will not need the blank below the problem. If it is a subtraction

problem, rewrite the problem to show that you add the opposite of .
the subtrahend. ' '

(&) 3+5-____ ) 8-
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Maltiplying and Dividing with All -the Integers

Because you can think of tiplication ag repeated addition, you
know that: ’ '

- ’ LA
»

o e T3+3+73473 < 4.3 )
3+73%73473 = T12° |
N so B LT C R

With inteéeré, Just as with whole numbers, it doesn't make any
difference in which order you multiply two numbers. So you see that
since %+ 73 ="3 ¢4, and 4+ 73 =712, it must be true that

3, L also is "12 .

-}

»

Class Discussion e

1. When you multiply two positive integers, the answer is

2: When you multiply a negative integer by a positi&e integer, -the

answer is. . .

3. When you multiply a positive integer by a negative integer, the
answer is _ .

h, When you multiply two negative integers, the answer is

©

In Chapter 5 you learned that the answer, in Question b, is "positive".
You found this out by graphing the "doubling™ function and by making a

multiplication table: You may have found it hard to believe, however.

Now let's make this clearer énd at the same time learn how to divide

with negative integers.

In all &our work with numbers, you have found that a number may have
many different némes. The number 12 , for instance, may be named using

addition (9 +3) , subtraction (13 - 1) s multiplication (6 X2) , or
division (%E) . However, each one of these names "belongs to" the numb;r
12 only. If you wa?f/kb‘name some number that is not 12 , you can't
call it 9 + 3 , beécause 9 + 3 is always 12 . (It would be very awkward
if this were not so. Think about it.) =

!
'

81

L - f7
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’

You, also know that multiplication statements about numbers can be

rewritten as division statements usiné pxactly the same numbers.

3eb=12- 50 £ st ve L

- 3.
3.7%,= 712" so :%3 ~ must be’
344 =712 s0 ;Eg must be
3
The answer to this quéstion '
3. k=1

30 - ,
and in that case —= would name two different numbers, 4 and b .,
‘ "3

We know that this can’t be true, so

3 .

=
1]
o

and

IR

°

—

From the last problem, you are ready to fill the blanks in these

statements.

5e When the integers you multiply are both positive or both negative,
{
the answer is .
6. Whep you divide integers that are both positive or both negative,

the answer is .

N

Te When you divide integers,‘if one .is positive and the other is

negative, the answer is e
}

* { .




-

Exercises ' : ) -

T - T (S =

¥V
o
n
I
t
ON
=
I

_ 13. —p =

, = = 1h. 5 . -19 =

\
\O
[}
W
]}
I5
]}

15 =3
":§‘ = 16. b . 28 =
7. 75 . 76 = - .17. 715 + T15 =

8. §§= 18. :_6..22 )

9. "5.9-= 19. 20

10. 15 = 20, == = .

Do your work in the space at the right,

210 é‘s—g‘ =" - ’ - . Y i

22, 25 <46 = .




Another Look at Retional  Numbers

l.

.

.2.

Now that you can divide both positive and negative integers when the

answer is an integer, you can apply what you know to other rational numbers.

-

-

"Class Discussion

16 -16 _

P T and- T .
: o 16 -6 . -
The integer named by both 3 and is the same. So you can
say that |
16 _ ~16
i el

Parentheses - ( ) mean, "Do this first", If you have a problem
like 3+(}ﬁ§)=?’ you think, "%6-;1#, so I add
3+h=7m, . X g

We use parentheses ifi the same way with the raised dash ‘on/the
outside: () .' 1In t2is case, you think, "Take the oppSsite of

the numbér that is inside the parentheses.”

f

16 _ R T N .
' ks L e—

' - 716 . 6 - 16 ,

You see that -~ an = and /(T) are all names for

. S 5 . .
Therefore, yoil know that _ ?

o ", * 16 - 16 P .
. == = (F). -

Rewrite each of the following as a fraction in two different ways.

The first one is done.for \you, .o
B 4 - - 1 ) N 8 h-
1 1 -
(a) . B “3 . ('8') (e) -:9- i
w2 R -
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Although we know that a negative rational number can be named in
the ways we have discussed, ‘it is often iﬁportant in solving problems
to use onl’y one certain way. TFor instance, you have added rational

numbers like this: '

[ . 6 6+6
. 3 3 3
- 12
3
= 4 )
o 6 6 .
Suppose, now, you must: add 3 + 3 - Of course, in this

problem you could use the integer name for each number and add:

2+=2=0.
Let's see how you can do it using the fraction names. “

" ) ‘-36-+-="—§- = ?

- .
.

What denominator would you use? Instead of writing é% s
write £ » @and then you can find the answer in the usual way.

3
6  “6- 6 + 76
+ = =

373 3

o wio

. v
3. Show how to rewrite each of the following problems so that the
denominator is the same. Then find the answer in simplest form.

() §+of = —— ) F+e15 =
« . L]

l - -
b) —
()'.5

+

A5 1)
|

“

85 : ’ ' )

@
}fa..l
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Another kind of problem comes up when you try to compare two rational
numbers, .Let's recall what you did with positive numbers in Chapter 6,

1 L
. Y 2

B |

4 is greater than 2, 8o you know that }2- is greater dt’han T

-g- , Wwhich is another name for
, and :—]?_- s which is another name for

Let's try this method to compare

L

N &=
A\
o

You know that” 2 is greater than "2 , so0
However, if you write
"L L

K

it looks as if it were the other way around, because U4 1is less ~

than 4 .

t

You get the correct result when you rename =_ @8 -1-2- .

L . "L

K

A

~

*
To avoid mistakes when you work with fraction names for negative

numbers, write the negative symbol in the numerator rathef than
in the denominator. The form used should be —.5?- .

- .
(a) 3= .
-l" _
(b) == _ ‘ )
it
(c) Therefore, L :ﬂ -;-li is the name-of a positive rational
3 =P 5 ) e Bome
number. Certainly you would use 3z instead of '-:.-2-
, | <
__ if you were going to‘\ add: -g- + -_-g = 9
N »'1#+1+‘_‘31++~h
‘22 _\ 2
_ 8
. “\ 2
=4,

»




* "4 is greater than "8, so it looks as if

and —-', you could write:

H
Hy
e
(o]
[
5
g
‘et
o]
R ¢
g
L]
&
.0
V]|

R

is_greater than =T

] £

But this is impossible, because 'lét =" and = = _* and "2

is not greater than L4 . If.you use the name ?_- instead of — , you
: 1 o

get the right answer:
. - . ;

"

’

To be sure you get the ’right answer -in such problems, write all
rational mmbers which are positive without any negative symbols. Y

- -
N v

3

. a a .
Write 3 » Dot 5 - .

s
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- . Exercises
* i . )
1. Compare these rational numbers.. Rewrite the fractions if necessary.
Then put < or > in the blank. ) ., >
"3
& 5
- © 6
(®) = .
) 18 4
() 5 3
B 2
(a) —g =3
! 1
() =5 i

2. Use what you know about zzewriting rational numbers to find the sums
of the two numbers in each problem below. Give your answer inh .

simplest form. d‘

Exsmple. -52 +=1-‘5- -7

204 T2 7y -
5t S 5 Ty
T2+ 7y "
- 22 .
» |
=5 (answer)
() Tg o+ - :
®)$+%= %
@y%+%=
- {
88 '

91




Multiples

e

~

. Much of what you can do with any kind of number depends on what
) you know about whole numbers. You depend on the whole numbers to help
you work with rational numbers. Learning aboﬁt mquiples of whole

humbers, for instance, will help you add rational.numbers.

Your multiplication table for whole numbers can also be called
‘a table of prdducts, because it tells you the- product of any two numbers

from O through 30 . We can use still another name for this useful
table. It-is a table of multiples.

If you multiply two whole numbers, the result is & multiple of each
~of thenm, - .

You get 1k when you multiply 2" by 7T » so 14t is a multiple of
2 and a multiple of 7 . ‘

You also get 14 .when you multiply 1 by 14 , so 14 is also &
multiple of 1 and a multiple of 1&@. o

As you see, 14 1is a multiple of four different numbers: 1,2,
7 and 1k .

)

¢

-

K
Claés Discussion -

Look at the "2" row in your multiplication table. On the first

bage, you see

0 2 4 6 8 10 12 14 16 18 20 2 24 26 28 30

Each of these numbers is a multiple of 2 ,‘-becéuse

2 x,O" : B :f

2X Lk ] -

2x2

2 %X 3

2xb -8
- 2x 5" T -

d 80 on.

H
O ® o & P
H H H [ H

, 89
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On the second page, you flnd the multiples of 2 that .you get from ‘
multiplylng 2 by eaeh number from - "16 to 30 . ”
1. The multlples of are all evén numbers. -If your'table had
a third page, you could find more multiples of 2 . The next i
multiple after 60 is- 62 . - ) "

2. Vhich multiples of 2 comekafter> 62 ¢

3. What\multiple of 2 do you get when'you.multiply 2 by koo ?
What multiple of 2 do you get when yoﬁ multiply 2
by 10,000 ? What multiple of 2 do, you get when
you multiply . 2 by 3,000,000,000 ? :
As you know, there is no last or largest whole number, so there is

© no laét or largest multiple of 2 .

s

4. 7 List the first ted multiples of 3 .

-

£

5. List the first ten multiples-of 7 . ‘ s

L]

6. TList the first ten multiples of 5 .

7. The nuMber that appears in every row of multiples is’ .

Because any number times zero is zero, it is a multlple of every

nunber, and because it's always in the list, we usually don't

£

bother to write O wheh we list the multiplesyof a number.,

. . )
8. After 0, what is the first multiple of } ?

9. After 0 what is the first multiple of 2-? . of 3%
of 4 ¢ of 5 2 . of 16 ? oo 29 2

s
10. The first multiple of any number is the . 1itself.
Every number is a L ‘of 1tself. .
0 ‘
! .0 -
/ - Pas)




Now look througﬁ your table carefully.

11. - How many times do you’find the number 2 as a multiple? .

/ .
12. The number 2 1is a multiple of only two numbers, 2 and e

13. How many times do &ou find the number 3 as a multiple?

3 1is a multiple of only two numbers, and .

14.” In Chapter &, you learned about prime ﬂumbers. 2 'and' 3 are
prime\numberg, - They are multiples only of themselves and 1 .
List:five other prime numbers from your tabng (Note: They
are nﬁmbers £hat appear as multiples exac%ly Egigg.)

.

-

Exercises

\ -

- 1. Draw a ring around each number that does not appear at,éIl on

the first page of your table.

.

31033 37 39 M 4 4 k9 51 53 57 59
6L 63 67 69 7L 73 17T 179 81 83 87 8

2.. You have circled the prime-numbers between 30 and 9¢Q . Write
each number ‘thgt you did-not circle and show that it is a multiple

13

of two numbers besides itself and 1 .

; Example. » 33 = 3 x 11 ) -

¥
v [}

- . -
” -
. . ~
.
~ , ‘ »

B

3. What number is a multiple of every number?

--




Show
2k .,
.(a)
(v)
(e)
(4)
(e)
(£)
" (8)

.24 = 24 X -

Show that 15 is a multiple of 1, 3,5, and 15.

that 24 is a multipleof 1 , 2,3 , % ,6,8,12, and

2h=lx\‘ . '
2k = 2 X

24 = 3 % : )
24 = 4 x

2h =6 x |

2k = 8 x .

ol = 12 x

»w that 16 is a multipleof 1,2 , 4,8, and 16,

.

16 =1 X - \
16 = 2 X

16 =>h-a< .

—_—
.

16=8x'__

16 = 16 X

12°=1X. - e

"12’\;'2 X . | ’ ‘
12=3%

2 =4 x ’

12 = 6.X ’

12 ='l2‘5< l . o

.

5=1x__ . L
15=3% R
5=5x . ' . L e
B=15%x
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Common Multiples

.In your multlpllcation table, the numbers in the ™1" row are Just
like the numbers at the top of the table. From this you know that” O
is a multiple of 1 , 1 is a multiple Qf 1,2 is amultiple of 1
3 is a mltiple of 1 » &and so on. Every whole number is a multiple
of 1. )

-

Class Discussion

1. (a) A number that is a multiple of . is called an éven number.
(b) Even numbers are numbers which have, s their last digit¥ s
s ’ y or )

fe). Llst the Pirst fen multigies of 2.

2. _List the Pirst ten multiples of 3 . . -,
- . ' ' M
3. . Which numbers are-in both lists? - _ '
g , and . .
L Because these numbers are common to-both lists, they are called

common multiples of 2 and 3 . What is the smallest common multiple
of 2 and 3 ? This is called the least common multiple

of 2. and 3 ,, end is usually shortened to L.G.M. -

- Every'common multiple of 2 and 3- is also a multiple of 6 .
" Is there a greatest common multipte of 2 and 3 ?:

-

4. Is 24 a common multiple of 3 and L ? What is the ]
smallest number that is. in both the. "3" - row and’ the 4" row?
: The-L.C.M. is .
e . ’ 7 _/\!J/’

.
L]

-t
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R -

Suppose. you want to find a common multiple of two numbers like 6
and 8 when you don't have your multiplication tables with you. The
adding method is an easy.way. ’

Wr;te down. both n&ﬁﬁers.

. & .8

P .

6 is.less thar 8 , Add 6 to 6 ..
. ‘ 6 . “
(6 + 6) =Q:)

Look at the bottom numbers, 8 1is less than 12, Add 8 to 8 .

6 8
(6 +6)=(d ©= (8 +8) f

Compare-the bottom numbers again. The one in the 6 column is
smaller than the one in the 8 column, Add 6 to 12 .

, 6 8
. (6 + 6) =12 = (8 +8) -
' (6 + 12) =1 )
Compare. 16 <18, Add 8 to 16 .

6 8 . .
. (6 +6)=12 " 16 = (8 +8)
‘ (6 +12) =0  EB= (8 +16)

)
Compare. 18 <2k, Adda 6 to 18 . .

6 8
(64 6) =12 16
(6 +-12)=18. @b
(6 + 18) &)

. 2h =2k, g0 24 is a common multiple -- in fact, the least common
T - .

multiple of 6 and 8 . All the common multiples of 6 and 8

are multiples of 24 ; that is, 48 , 72, 96 , 120 , 14k , etc.

(8 +8) .
(8 + 16) ' ,

'| .

P ) »
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-

Use this method to find a commqn multiple of 9 and 12 .

A

. . 9 12 . /™

(9+9)="__  __ =(12 +12) ( :
O+ _ )= - @2+ )
N CIE D L ’

The 1eas% common’ multiple of 9 ‘and 12 ‘is ’ . All of
the common multiples of 9 and 12 are mﬁltiples of

1

Exercises

Find the least common multipleifor each pair of numbers. (You do

not have to write (10°+ lO)‘, etc., at the side to show what you add.)

(a) 10 15
L L.C.M. is
(b) 8 10
L.C.M. is
(e) 15 20
L.C.M. is
(a) 9 15 L, \ . .
< \ - ) . ¢ he
. - ‘f'q" A .
L.C.M. is

95 ' /

’?(}:,1




.8
< L.C.M. is
(£) 6 9 -
. ’ St — '-—-—-‘
v ) L.C.M. iS .
(g) 21 1 . - .
L.C.M. is .

3

2. (a) All of the common multiples of 10 agnd- 15 are also multiples
of : o .
" List the next 3 common multiples of 10 and 15 .

2 2

(b) All of the common multiples of 8 and 10 are 'also multiples
of ’

(¢} Give the first three common multiples of 9 and 15 .

F A 2

*

302
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2

1.

5-

l3-5d‘

Class Disbussion

-

—
v

If you use the &dding method to find the least common multiple of
2 and 8 , it goes like this: ’ .
2 8 ' '

2<8, soyouaid 2 to 2.

2 8
N ,
L <« 8 , so ydbu add .
2 8 -
: ‘b
6
6 <8, so you add’ l . . .
2 8 ( ’
L
6
8

You now have 8 = 8 , and you know that the L.dgﬂ.‘ of 2 and 8

is 8 .

It is easier to use a different method to find the least
common multiple of 2. and 8 . : )

You have probably realized that if, in a pair of numbers, one

of them ig a multiple of the other, then the larger .one is the

least common multiple of the pair. : . “

The least common multiple of 2 and 8 is , because

is a multiple of 2 ., ‘

The least common multiple of 12 and 6 1is , Dbecause
is a multiple of 6 .

The least common multiple of 20 and 4 1is ', because
20 1is a multiple of .

The least common multiple of 8 and 24 is » because
is a multiple of "

7 )
9 VALY
N n‘)
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6. Now let's use the adding method to £ind the least common multiple
of 5 and 7T .

————
-

The least common multiple of 5 and 7 is , but
5x T = !

T. What is the least common multiple of each of these pairs?

2 and 3 ? (And 2 x 3 = )

2 and 5 ? (And 2 x5 = ) k j

2 and T % (And 2 x 7 = ) f
3 and 5 ? (And 3 x5 = ) ,}

3 and T ? ’ (And 3 x 7 = ) ;

What special kind of numbers are 2 33,5, and T 2 4
s . -_—

When you want Eg find the least common multiple of two prime
numbers, the easiest way is just Eg hgltipiy the two numbers./

v . o fo
8. In the pair of numbers 9 =and UL s neither number is printe. /
Find the least common multiple of 9  and 4 . /

/

’

9 X R 4 . . - * B
. \ /.

[N

and

The least common multiple of 9 and 4 1is ,
In 9x)+= LY ’

| 98
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To sée vhy this happens, think what prime numbers are multiplied
together to get 9 aﬁd to get 4 . In Chapter 4 you learned that the
prime factofizétion of 9 is 3 X3 and the prime factorization of
b is 2 X2 . The mmbers 9 and 4 do not have any factors that are
alike, so we say that they are relatively prime. That is, they are not
prime themselves, but they are prime in relation to each other. Relatively

prime numbers do not have any common factors except 1 .

. On the other hand, 9 and 12 are not relatively‘priﬁe because 3
is a factor of bothe 9 =3 X3 and 12 =2X2X3 , 80 the least '
common multiple of 9 and 12 is not 9 X 12 ,

The L.C.M. of 9 and 12 is 2 X2 X 3 X3 =136 .

-

-

Exercises
For the following péirs of'numbers, use the method that is easiest for you
to find the least common multiple.

1. 5 and 10 L.C.M.

: | .
2. 4 and 12 L.C.M.

. ' - . ’
3.° 3 and L L.C.M. N
4, 8 and 9 L.C.M.
5. 9 and 24 o _L.C.M. - .
6. 2 and 9 L.C.M.
. 2 —
7

7. 15 and 18 L.C.M.
8, 7 and 9 ‘ " L.C.M.

. . . »
9. 16 and 12 , L.C.M. . a~//’Jp

10, 10 and 24 L.C.M.
11, 11 and 3 L.C.M. '
' [
_120 lh and 21 L LQC .Mc * A
99 - . L.
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1

‘Adding Rational Numbers

Now you will use common multiples fo'add any two rational numbers,

even if their denominators are not the same.

-

Class Discussion

When you add % + % , you write % + % = ELE—i , and then

simplify your answer if possible, like this:

1,1 1+1
R

4 .
.
.

“ 1.  To make sufe you remember how to add rational numbers, find the
sums for each of the problems below.

’(a):§+%= .+

l
.
I ena— N
8 -
o - *

= —3 (simplify your agswer: L)

-

= — (Simplify your answer: L),
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2. In Chapter 7, you saw that sometimes you had to use a different

[

’
4

\ - //1;;;——'Yellow

4
| ue

In this spinner, P(red) = % and P(blue) = % .

P(either red or blue) you did not know how to add

so you used a different name for % . You saw that
N could be written as , SO you added B
2 + 1 _ +
I T

‘So,  P(either red or blue) .

~

101

Fevy

~

> neme for a rational mumber in order to sdd it to another number.

To find
1 .1

FR
P(blue)

-
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-

3. Here is a flow chart you may use to add any two rational numbers. - .

" Use imputs of % and 131- and show the output below. .

b7

De—1b . d

) F——3g . g /

Se—Db-.c R

/ i - N -

] o
. Ne—F + S
-

N
g ¢ X .
b’d’D .

-Output: % s 131- s v g
102




. . .
- .
»
*
.
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You have added % + 13; and found that the sum is %—g , although
%—g— .18 not in simplest form. . 7
You can see how this was done if you rename % ahd 13: .
3. Il; =. —3—2—'- (write the numerator) and ]3;; . % = 55~ (write the
8 . ) numerator).
12 24 4+ '
8o you add ‘ ‘3"2'+’3"§7—"32—
Hos S >

Now you can see how to use common multiples, When you add
two' rational numbei's, they must have the same denominator. The problemn,
then, is to find some common denominator and use it to find new names

for the numbers‘; S _.

/ _ .
When you maltiply any two numbers together, the answer is a

multiple of each of them. In }:he box
you go{: a common denominator by finding a common multiple of the two

denominators, 8 and 4 . ) ' 2
_— ' - R
| @
i ' , .
In Fe—a-d | you were completing the job of renaming the
first number. - - A
3Tk L
) 8 32

B

In you were renaming the sec‘:ond number.

, | 3.8 _ /
v T8 ~ 3?'5_
Finally,.you found the numerator of ydur answer: N——TF + S »
- . . N - ég
. 32 . 32 -
As you saw, the output was not the. simplest form of the answer, because
36 _ , -
,3? " s

N

. 103,
-, . ‘ 'ﬁf:i}

-




-\) L
!
; . T 13-64
4, Can you get the simplest form of the answer by some other- method? .
Look at the denominators of % and % . 8 15 a '
of 4, so the least common multiple of 8 and 4 is ] .
You can rename % 50 that the new fraction has the denominator
8 .
% = —5 (write the numerator)
Now .you can add. )
3.3 3.6 '
= + = & -
8 & 8 8
» = +
8
= e——— r
8

i?w/// Is your answer in simplest form? ) ’ S -

5. (a) Use the flow chart to find the answer.
N

~(b) Is the output,

L :

+ z . . . : N

; in simplest form?

o= Wl

(c) What is the least common multiple of 3 and 6 ¢ '

N Rename 2 : . )
3. 5 )
Pl §- = .-T
(d) Do the problem the usual way, using the new name for % N
L L1 + ’
6§76 ° 6
} Yo

(e) 1Is your answer in simplest form? .

. , . ¢
6. (a) Use your flow chart to f£ind the answer: % + % =
(b) Is your answer «n simplest form?
. \
(c) What is the least common multiple ogg 3 and 42
}

As you see, sometimes your flow chart gives you the snswer in simplest

¥

form and sometimes it doesn't.




L]

(a) Use the flow chart,to add:"

(b) sSimplify your answer.

{c) -since = % , " you can write:
e 2>, 5._ k5
376 '

(@) I this answer in simplest form?

-~

- (e) sSimplify it.

You may not always get the’answer in simplest form even when youé;

+ . use the least common denominator, but you are more likely to do so th

e

‘. when you use the flow chart. o b

K - . . e &
. Exercises

+

- AN

. {Use the flow chart or find the least, common denom;pétpr to find
the sums in the following problems. Write your answers in simplest form,
You may want to use both methods a few times in ordér to check your answers.’

t

t‘l ) . ;” » 6.
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Suybtracting Rational Numbers

When you have a subtraction problem using rational numbers, you
rewrite the problem as, an addition problem and add the opposite of
the subtrahendA

: 1 1 1 1
Example. . §-K=-2—+—-E
‘ _ 2 + =1
R e 4
_ 2+ "
= = |
- L -
= I
1 -1 _ 1 i
. %o 3°F T % .
: Exercises :

?ewrite each subtraction problem as an addition problem and find

the answer. You may use your flow chart if you wish.

5 1 . i
e g3 = “
3_1 _
2 §-3 = . :
N ‘ .
Q ,
1.5 _ i
3 5-% =
2 1
)4- 3--6: /




1

P
‘::"l!v

i3

P .
A
»
O
1C

Aruitoxt provided by Eic:

1
1
[
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(

Rational Numbers That ézg Powers 32 Ten

In Chapter 4 you saw that 10° means 10 X 10 , and 103 means -
10 X 10 X 10 y oOr 1000 . We can put this information in a chart.

10,000 | 1000 100 | 10 1

10+ 108 | 102 | 10

1

In the first row of boxes, each number is 10 times the one to
the right of'it. i

A
10 = 10 x%
100 = 10 X 10
. ' 1000 = 10 X 100
‘ 10,000 = 10 X 1000

and so “on.

%«

As you do the exercises below*you will £ill in. the other boxes of the chart.

Class Discussion ’

e -
1. (a) 1 is 10 times what fumber? )
' In the chart above, write f% -in the box-to the right of 1 .
l .., S ) ¢ '
— = 'S
, (v) . X 10x 7 ,

If you don't know, think of the way mnltiplication dand diwvision

are related That is:

3x8=2k, =0 %é - 8.

In the problém, T5 =10X 2 , you can find the answer by

dividing {% by 10. Remember that when you divide you just
multiply by the’ reciprocal of the dlvisor 80 ,
. l .
- Ry - " - ’ lo _ .l— X -l
: - 1o T 16X10

= . Therefore, f% =10X P

A o 1
Wriﬁe. ST) in the Pox to the right Of"I5 .

\




3,

L

1
(C) m—'lox
1

Write 1006

in the box to the right of === ° \

Now look at the second'row of boxes; Each exponent ig 1 greater

than the exponent of the number to the right of it.
lé:D lS:D lé:> i£:>

Also, notice that the exponent shows how many zeros there are after

the 1 in each number.
. t

(a) You can write the other numbers froﬁ the top row as powers of
f \
ten algo. What exponent do you think will be used for the

nunber 1 ?

.
-

Mathematicians agree that 10° =1 .
Write lOQ in the box below 1 .

5 )
(b) 0 is 1 greater than what number?

We agree that 10 L is another name for f% . Write 10 .

in the box below f% - Notice that the "1" part of the exponent

shows how many zeros there are in - f% . The negative symbol

shows that the 10 is below the bar in the fraction, f% .
(c) What exponent will be used with 10 to show 1%5 ?

i "2 1
Write 10 below 06 *© .
1
(d) Wwhat power of 10 is 1555 °
.73 1 .
Write 10 bq%ow 1666 .

'Using exponents makes work with powers of 10 very easy. You
know that 10° x 10° = 100,000 X 1000
100, 000,000 .

You get thig answer easily by adding the exponents 5. and 3 .

10° x 103 = 10773 : \\

I

= 10 (write the exponent.)
110

nn
j;’b 7/
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Division is alsd easy with powers of 10 . To divide lO5 By 102
100000 _
you ?an write oo~ © 1000 o; you c§n Just subtract the expgpent of
the divisor. '
, 5
107 _ 105-2
’ 10° -
= 100% 2
= 10 ° \(Wfite the exponent. )

. . % N
- This is especially helpful <n problems 1like 100,000,000 divided by

. _-i— - ' ‘ |
1000 ° \ . - .
. 1 4 o " "
; The "old" vay The, "exponent" way
: 8 ]
102,000,090 - 100,000,000 x 1000 10 = = io8-'3
' 1000 (multiply by the reciprocal 10 843
of the divisor.) = 10
= 100,000, 000,000 _
= lo
) (Write the
’ o exponent.’)
. . ) '
i ‘ . "Exercises '

. { .
1. In the following problems, use the method of ‘adding or subtracting

N exponents first, Then, at the right, check your answer by doing the

problem without exponents. ) - »
Example, - - ..
—_— 2 1
10°x 207 = 105" aa 100 X5 = 10
= 10t
(Check: 191 =10 .)
(a) 10°x10%°= - and x ]
(Check: = .)

-+ 111







2.

—

Write these problems using the exponent form and
with exponents.
10,000
(a) 220000 _
-~ 1-0—6 "y
\,
L
100
(b) Al = L
10,000
(¢) —5— X 10,000 = X
1,000 ’
-1
(a) 10,000 - . ,k
5. 10 ' ’ .
1 "
(e) 10(3_2000 -
10
! N DY
-ﬁ" 9=
L 1
N '
113
3 vi; .

~ L

[
13-84

te the answers




Decimals and Powers 2£ Ten

~

In Chapter 10 you learned how to rewrite fractions as depimal
numerals. If'a fraction has a denominator that is a power of 10 ,
" there aée Jjust as many decimal places in the decimal numéral as there

are zeros in the denominator.

1
170_06' = ,001 and

Class Discussion

Since another name for %6 is 10-1, = you can see
that 1071 1s,also & name for .1 . -

#

2" 2

Since 10~ is also a name -for
(decimal numeral).. The digit 2 in the exponent "2 +tells

the number of decimal places i? the decimal numeral.

- :
- F é

= E%E s You can see that 10~

3




Power of 10

106

107,

10t

lO3

10

1071

J.o‘LP

Finish this chart.

4
Decimal Numersal Fraction
1,000,000 ,

10.

115

A ]

h
i W AP

13':98-




13-9b

(Of course you can write all the decimal numerals as fractions
10

using a power of 10 as the denominator. For instance, 1 === or
- 10

100 or ) S .

100 o 1° ) ‘

3

To multiply 100,000 “by .00l , you can use the decimal numerals:

’ ~

< 100,000 / :
.001
. 100%00

~ v I . ﬂ
Yol can use the fra€tion form: .

o

1 _.100,000 _
1,000 -, 1,000
. “ *

100,000 X

.

N . r% . -
Or you can use the exponent form: &95 x 107 = 1077 3.

Usiné exponents is especially helpful when you have very small or

T

very largé numbers:

.

1,000,000 X ‘1,000,000 = 1,000,000,000,000

RY

or

106 X 106 = -
.00001 X ,000001 = .00000000001 - -
. 5 »
107 x 10’6 = ' . L
AN
You can use exponents when ydu divide by a power of 10 written
- a8 a decimal numeral, . - . .
’ f
) 100 _ 100 ., 10,000 " - -~
Decimal form: 55T = 0BT X 10,000
- - 1,000,000 a
1,
, ) 2w .
= 1,000,000 .
2 -
or exponent form: %ng =10~k )
- 10 .
_ 102 + b
£3 :

‘ 'A . 4
, : 116 @
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. ) .
. _ @ercises ) > ;
h -

1, - Rewrite each problem below using. expoﬂerrbs with 10 . ‘Write your
answer with an exponent.

(a) 1o,ooox .000L = X
(v) 100 %%QQO S X -
(c) .o0Lx .01 = X
(@) ".0800L X .000000L = X
1 .
. (e) X 1000 = X
. 10 %
1 —
1000 ' :
O e L
10,000 )
410
(g) 001 = - X
Ty L0001 )
(0)- =5~ = X X
. RN

. , 117 oo




.
7o

¢

\:Ea) 10

. Y »
h e - . » .

- [ - 2 -

L4 - . -

13

-0d

Réwriteleach ﬁroﬁle@‘below uéiné~decim&l’qumgréls. Write the

anBwer as a decimal numeral.. -. D

5

(b) 10 2

(e) 106

‘

o

(@) .10

X 107 =

P’

3

«

4

x 10 3

4

X1 =

- A % .
v
- o .
X 10 ~ = X
= . -, .
.
.
~
- L
[
.
..
v
.
PN A
‘,J
N

' .
*
< " \» -

e
o
L |
.
! P .




Scientific Notation

Scientists often have to use very large or very small, oumbers:.

They need very, large numbers vhen they talk about the distance 0 the

stars and ‘they need very small numbers when they talk abput the sigze

« of an g%om;‘ Some of these humberg, Vhen'wrigten down, require a great

© many zeroé.ﬂ Writ;ngna great many"Zeros is not only a lot of trouble but

. " it also can lead to misyakes:' If you'have to mnltiply a number with -
©  many zeros,,it is eaéy to write one too many or one too few and get the

c o

o

wropg answer.
~ .

»

indeed. -
. To find out, in the usual way, what a light Yyear ié, we first.:

multiply - 186,000 by 60 to f@nd 0 ow far light travels in

1 minute:

l ,QOO ° . - I
. - x 60 ]
11,160,060  (miles in -1 minute)

o4

» -

5

‘&« For example, light travels at a speed of about 186,000 ‘miles per
7. h," . . "- ’ . .
%econd! The distance of stars from the earth is measured in light years,

" ‘or the dis}ancé ligﬂ: travels in a year. This is a vefy large number

We multiply 11,160,000 by 60 to find how far light travels in

one hour:

11,160,000
. X 60
- 669,600,000 (miles in 1 hour)

We multiply 669,600,000 by 2k +to find how far it trayels in

one A 669;600,000
-
2 678 400,000 L ‘
13 392 000 000 ‘
16,070, 400,000 (miles in 1 - day)

119

P

.
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Last; ve can multiply 16,070,400,000 5 to f£ind how far

2 light FravelsAin one iégz: ' ' ‘
- 16,070, 400,000
X 365
80 352 000’000
964 224 000 000
4 821 120 000 000

5,865;696,00Q,OOQ' (miles in 1 year)

1

Suppose you wanted to find therdisténce in miles of:g étar that
waa 492 light years away from the earth. Think how many zeros you .
would have to write in multiplying ‘ '

. 5,865,696,000,000 x 492 .

(We won!t do this here!) \

Because it ie 80 _clumsy to work with 80 many digits, scientists

‘use powers of. 10 ‘to make their work easier. -

Class Discussion

You can’ think of any number as .10 times some other number.

35 lO X 3.5 _
18.9 10 x 4.89.
56.4 = 10 x

R
- -

You can ‘think of any number as 100 times ancther number.

650 100 X 6._5
785.7 100 x 7.857
966.4 100 x

You can think of any number as f% times another number.

459 X 4.59

.1561

1
10
1
15 X 1.561
£

.20723 T X
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f
-

In gcientific notatibn, every number is written so that there is
only one digit o the left of the decimal point in the. number to be

multiplied by a power of 10. (Naturally, you wouldn't write 1,000,000

as  1x10° or 5 as  5x10° . You'd Jjust write 106 and 5 .)
- ' 1

This is not as complicated as it sounds. Iet's g0 back to the
light year problem, and let scientific notation help us do the work.

To begin with, we write 186,000 as 1.86 x ? . To
find out what power of 10 ¥e need, we start at the right of 186,000
(at the decimal point) and count back until there is just one digit left.
That is five places, so 186,000 = 1.86 x 100,

To multiply that number by 60 , we write 60 as 6 x 1ot .

(1.86 x 105) X (6 x lol)

(1.86 x 6) x (10° x 10%)

186,000 x 60

because it doesn't matter in what ordet you multiply.

Then multiply 1.86 by 6 :

1.86
x 6

- 11.16

But 11.16 has two places to the left of the decimal point. We rewrite
it as 1.116 x 101.
‘Our miles-in-one-minute number now is
(1.116 x 101) X (10S X 101)

and that is 1.116 x 10’ (miles in 1 minute).

Next we multiply fhat numbexr by 60 to find how far light travels
in one hour, but again we use 6 x 10° as the name for 60 .

(1.116 x 107) x (6 x 101) = (1.116 x 6) x (107 X 19})

Then we multiply: .- - 1.116
X 6

6.696 '

and we*know the miles-in-one-hour can be written
" 6.696 x 10° . -
121 /z.“ A

8- -
.




13-10¢- °

v .

Next 6.696 x.lo8 " is multiplied by 24 to find how far light

5
v

*

travels in ‘one’ day..
" (6.696 x 10°) x (2. x 10M) = (6.696 x 2.4) x (10° % 101)
Maltiply: = - . ' - . ’
’ - ~ 6:696
X 2.k
2.678k
13 3920 ]

116.0704 - =
16.0704 can be p’rz"i‘qten 1.6070k % 10:L , 80 the.miles-in-one-day
‘can be written e .
(1.6070% x 10V) x (108 X 101y or 1.6070% x 1080 .
~ ‘Lagt, we mulbtiply by 365 , which is 3.65 X 102 . ’//79\

| ;.éb?éh
_ x 3.65
* .. 803520

96k22ko
- b 82l1200 -

5. 8656960

So a light year is _ : -
K . 5.8656960 x 10'%  miles . °

-~
-

Suppose we had “Pound this number in the first place. How.would

we know what it Iooked like in the usual form? To change from scientific
- notation 'to‘ou‘r Vregular" notation, we just 'move the decimal point ’ '
M_places‘ to the right. We have to put in 5- _Zeros’"to-.&:?o‘ this,

and we Bsee: ’ » S

5.8656960 x 102 = 5,865,696,000,000 -
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e . "' Exercises

1. . 'Use the flow chart on Page 13~10e. to rewrite each number in
scientific notation. Remember that every whole number can be
- written with a ‘decimal point after the ones plsace,

o .

] Example L. ~ ‘ 3,50, 6oo = 7
’ - Agstqp (a): - 3. (See Boxes 3 and k in the flow -chart.’)

*

'(b): 3*ﬁ506' (See Box - 5 “in the flow chart.)
Step {c): ' You moved the point 6 places to the left,

(See Boxes 6 and 7 ) ./

’ Step (d): ‘Then . 5
T v : 3,&50,600 = 3.4506 x 10 (From Box 9.)
Exemple 2. =, , ol3h567 2 N
Sﬁep (a):- 1. ’ (See Boxes 2 and b)) -

‘Step (b): 1. 3%67 (See Box 5.) E )
_ Step- (c¢): Ybu moved the decimal point- 2 places to the right.
(See Boxes 6 and 7.)

< Step (d): Then ' ) -gf

;: a | g 0134567 = 1.3?567 X 10 (From Box- 8.) ’
) (a5 I350 > | ‘(f) 457,000,000 = )
’ (b) gho7.35 = - » .(g). .008k6 =
A "(;) .0001968 = ~ (n) 99,k52,760 = : ‘. :
(d) .o45735 = . (1) 38.4093 =

(e) s574821.6 = (3) -T75369 =




Né ¥s the number greater than 1 D I’es +
' ST r 3
Copy the first D . . -
nonzero diglt. | L Copy the first aigit. |
1 * : : :: h .
-0 b Put a decimal point after it. ~——~
- Vo
. s [ - \‘ ‘
: Copy the rest of the digits to '
the right in order’ until there
are no digits left except zeros.
s . . e
e . . 6
. Count ‘the number of places .
- . between the old decimal point |. ) ’ . -,
./ | end the new one. -
/ | § 7 .
No-.  "pia you move the decimal \ fes =
: point to the left? - l
i - '- r: N . . - 9
Use. the opposite |- : . Use- the number . .
"| of thé number . ' from Box 6 =as :
from Box: 6 as |- the exponent
the ‘exporient - B . , with 10.
with. 10 . ‘ .

124
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Flow Chart for Changing' :

il . N P
A L e v

O .. "Sclentific Notation to Ordinary Numerasls - ’

- o
ey

:“t‘
,:3‘ , - ¢
i N ‘
» \ ) ~
-, . 5 . B }
No -
{Is the exponent positive‘.)—yes—.
ke S . - -
2 . ' ] 3
Move the decimal Move the decimal
point that meny i point that many s
. places to the left; . places to the right.
e
7’,"
s .
'\r -
5
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(1) 73485 x 208

R -
- n PEDEEEETEEEONTE

13-10g
These members are.written in scientific notation. Use the flow '
chart on page 13-10f to write them the usual Wway. ‘ '
Example 1. 3.45 X 1075 = 2

Step (a): "3.  (See Box 1.) .
Sli':ep (v): .9_0;%15 (See Box 2.)

So 3.5 X 107 = 00345

Example 2. 2.019 X lO5 = -2 .
Step (a): 5 (See Box 1.)

’Step (b): 2#01900. (See Box 3.)

So 2,019 X 10° = 201900

(a) 6.15 x 107 - . ) ’

(b) 1.001 X 103

(c) 5.492 x 10°

(@) 2.8875 x 107+ =
6 _ :

(e) "9.6264 x 10

S

S »

126
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. Bational Numbers on the Number Line

Class Discussion ’ >

- .
. Take pages 13-114 and 13-11e ou} of your notebook.

The length of the unit segment used on each line is the same,

On line A » the uh;t is divided into hundredths. Find the point
that corresponds to ten"hundredths. Isbel it 10 Then find the

’igg , lgg ’ 138 » and so on, and label them.

points that correspond to

. On line B the unit is divided iﬂto hundredths again., Find the
point that corresponds to" i%% on this line. Label that point 10% .

Then find end label the points that correspond to 20% , 304 , Log ,

and so on.

On line C, the unit is divided into barts, Labél the
1 2 3

points 10 2 'I(-)-, 36 *

and so on,

On line D, the unit is again divided into Parts. Label the
——— .

y

points .1 ; .2, .3 , and so on.

On line; E, the unit is divided into rarts., Label the

‘points % B % B % » and so on,

/

Lebel  the points on 1ines F , G, and H +to shdw what rational
number each point corresponds to. Do not simplify the fractions.. (That

2 3 . * 1
1s, write g ) B etc. instead of 5 .)
Carefully cut along the dashed lines so that you have eight /l

separate number lines. Keep line H apart for awhile,. but stack the
others up on your desk with line G on top.

.Ybur feacher will give you three ping. - Make sﬁre the number lines
are stacked up so that when you stick a piﬁlthrough the point labeled O
on line G it goes through the‘point labeled O on all the other lines,
too. Leave the pin there. ‘M" ' ’
1 ",

!
¥

. I




!

/} l3-ila '

Stick another pin through the stack so it goes through the point
labeled 1 on every number line.

Stick the last pin through the point labeled E so that it goes
. 8traight down through all the number lines.

1. Now carefully take out the pins.
On line E , the pin went through the‘point labeled

\On line F., the pin went through a point between and

, and closer to .

On line D , the pin went through the point half-way between

and . .
——r————— ———

On line € , the pin went through the point half-way between
and . ‘ i

On Iine B, ‘the piﬂ.went through the point half-way between
and . This point corresponds to. %.

-

On line A , the Pin went through the point half-way between
and - + Label this point as'a fraction with the

%"f‘fénominator lOb .
Stack up lines A through F ,again; with F on top. Stick ‘
pins through the points labgled O and 1 as before. Stick the third
pin through the point: labeled + Take out the pins, .

l‘f

2. Show the point where the pin went through the other number lines.

VI

. A « o . L=
B
—_— v
- L
D—‘_—
B between, and . , and closer to . o !




- o L s
Stack up the number lines with ‘A on the bot_toz'n in‘this order:
A,B,C,D,G,F. Stick pins through points O and 1. Stick
the third pin th:'t'ough‘ the point labeled, % . Teke out the pins. °
3.  Show where the pin went thzéough the .other number lines.

Fd

A halfway between === and === (Write the numerators., )

100 100
- - B -between % and '
& '
C between and  , -. -and closer to .

D between - and an-d closer to .
G  halfway between and .

. Stack up all the lines with .H on top. Stick the third pin

through the point labeled %‘- . If you have been careful every time, |

the pin went through a: point not marked on any of the other lines. J‘
4. Show vhere the pin went \through on each line.

A between . and

B  between i " and

€ between and
D between , and ®»
E  betwe eri‘ and
; F  between and
N, —
G between r and __ E -

Since the unit segment is the same length on each nmumber line, you
can use this method to find different names for some other rational

numbers, too.

S 129
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Exercises

-~

) Think of a pinm goiné tﬁrough each point named. Shbw where it
~ goes through each of the number lines given., (Use the lines and pins
if you need them.) "

L3 E B: : 4 A
2»
, 5 B
3. % H: , half-way, between and
G: C: B \
1 . - .
,‘l'o lO A. - B.’q.‘ b " D
F: half-way between "/ and
’ T oA
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r - .. . < Frattions, Decimals and Percents
"~ . ) ; Suppose somebody bffered you a choice like this:
‘ P "{i’) You can have 2 of 400 doliars.

o . . > _5
(2) You can have b xhoo dollars.

(3) You can have 1{-0% of - 1#00 dollars. o
v Which would you choose?

You know it wonldn't make any difference because % s o, and
407 all name the same mumber. You would get $160 no matter which

you chose .

o ‘ Any rational mnnber can be written as a fraction, a deeimal numeral,

= e E-op

or a per cent. -5-
In Chapter 10 you learned how to rename fractions as decimals and
decimals as fractions. In Chapter 12 you learned that whenever a-ratio

is written with 100 in the denominator you are writing a percent.

:’ 2. 30 _ 2L
= 506 . Since you know 700 = 5 » You know that 50% 5 .
’ Ang Si\nce‘ %’ = 05, ,‘5% = 05 . b
- . . - -* Class Discussion

o ) 1. To rewrite a percent as a fraction, the firgt step is to copy the
; number, leaving off the % sign, Use this as the numérator of a

fraction., The denominator is. . .
» \ft . 5% = 55 (Write the Jnumerstor.)

‘ - 20 (Write the denomipator.)

. ' 624 = . (Write the fraction.) . o

-

{
24

133

179




2. . To rewrite a percent as a'decimal, write the percent as a fraction

13-12a o

B .25 ‘ = ‘ ,
05 = 55 X 80 555 = o (Write the fraction‘.)
20 20 . 20 _ S
100 =50 X ~e—— 80 100 © . =
62 2 " 62

. -l--_é-x 80 i——co—- .

with the denominator 100 .

=30
30% = (Write the denominator.)

_ (Write the numerstor.)
150% = 100 :
56 = (Write the fraction.) B oo
Next, ‘rewrite the fraction as a decimal numeral. o ' <
30 _ o ' :
@”_ 100 ~ — ) ) i
. 100 - — . o
SO
\ 100~

N\,

. 3. Sometimes a percent has a fraction or a decimal in'f‘ropt. of the

4 sign., Here are two examples: 1 -]é'-% s 9% . Again, write a
fraction with the denominator .;LOO -

)

1
L ilg-2 :
277 100 ’ ’

You know how to rewrj.te 1 -%'- as a decimal, 1 1 =

' l-]-'- 2 .
o151
' S0 50~ = 106

v’

_,-
am

13k

40

i - o




FEP

To divide by 100 , you move the decimal poihf: T " “places
to the S, 8O l.j divided by '109 = . ‘The‘fefox“é;

1, ;
154 = . .

g 5 . . QAR
v A K .
A, AT oty g i, kb ey
' Y
*

.. .- ‘ 5% = ....'..5...." .
P o o (Write-the denominator. )

SR - Divide .5 by 100 . S C A

S% = (Write the decimal.)

[ v

o T, - “ »
d b, [ Here are two ways to change a fraction fo a percent. One way is
} T . .- %o rename the fraction with the denominator 100 .

D - , '1 _ — ., . (Wrij;e the numerator.) ) . .
. n:.":’: E - loo . ’ .

pa
L B .

Rewrite the “hew FPraction as a-percent,

! ’7 ) 100-‘-——'—-% . )

.:-‘f. .7 For some fraétions,’ the numerator of the new fraction may not be

a wholé number. E -

A

® o 5

5 X100 =8x__ - (Divide 500 by 8..)  8)500.0

1
62.5 6 2 b

135

[9)]
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. Lo ::‘ o R ' 13-12¢c
‘ . . ca,

' Someti‘mes 'when you reziame a fraction you get a repeating decimal,
. F -This brings us, to the second way to change a fraction to a percent,
; a.nd tbis is a way you can use with all fractions.

.
-t
.

vy

wft

~ You. know that %‘- is written .3 as a-decimal,  Since percent means
C ’ihundred'ths, you can divide the numerator of the fraction by the

de:lominator, bu't use only two places (tenths and hundredths place)
to the right of the decimal point,

: 1
. 33 3
To find %—,‘ divide: 3J1.00 .
. sl
. 33 %
1_ 531 =3 Lq .
So $=3B5. or g or 333%

- . -

To change a decimal to a percent, write the decimal as a fraction
with a povwer of ten.as the denominator. -

875 = ———-—-875 u ) | . |
PP ET (Write the denominator. ).

Now rename this fraction go that the denominator is 100.

1] 9

‘ %f 'i'gb' (Tc; find the numerator, think 875 X 100 =‘1900 X )
§Z_2 87.5%

"So .875 =~.87.5%v

!

Remember 'bliat when you rename g decihel es a percent, you move the
~ decimal point two places to the right and put a percent sign: .375 = .@.5%

“apd .2 = @.% .

) ., . 136 . . S~
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Exercises -

Fill in the chart below so that each Iine gives three differenij.

names for the same number,’ .-

e ;
Fraction ’ Decimal Percent

'Jé.' -5 * 5%




13=-12e

2. Sql%re these pro'blelné._ -Use the way that's easiest for you.
" (Rémember that "of" rieans "times".)

Example. .12%% ‘of 128 = ¢

12.5 1600.0
Too X 128 = =&~

One way: 100
=16
Another way: 125 X 128 = 16,000
= 16
A third way: %xm8=-l§§
= 16
(@) § of 60 = ,
R 3 1 ¢ ¢ e~ Y
(b) -8 + 5 = .
(¢) "25% of 1480 =
(d) 35 x72=
B (e) ’ 60% of 100 = \ : g I
. . & . ’ . R
(£) 66-§-¢ of 150 = : i
‘g) 025 X 0875 = ’
(n) .39 x 200 = -
276, _ ' .
(1) —_ = ~
2
: ! (J) 55 = 50% AOf
; e . ‘ .
[ . (k) —.-f-ég = | ‘ o -
gEl{llC 138 L
{ 144 . .




Pre-Test Exeréises

These exercises are like the problems you will have on the chapter

test.

If you don't know how to do ‘them, read the section again.

If you

still don't understand ask your teacher

1. (Section 13-1. )
Find the answer to these addition and subtraction problems.

_addition problem.

fa) &4 +6 =

.:(b) 13 -4 =

(e)
(@) -

U
+-

w
I

o) 27

(£) 3

() 2+5-=

"

Multiply orﬁdivide as .shown.
(a) L . 6 =

() 7
1k
(c) z"
15 _
3

" (d)

2.  (Section 13-2.) o

1139

Use

the line below each, subtraction problem to rewrite it as an

(h) & -7

1
(o)}
t
!
\O
i

(k) "7 +78

(1)) 15 + 5 =

(m) 179 + "479 =

(e) "8+ k=
(£) 575 =
(g) -ig

(n) 5=




3.

. (a) 5%'+

5.

{

*

_(section 13-4,

(Section 13-3.) . ) : A
Rewrite the numbers below if necessary. Then compare them,
(Use ‘< or >). )

(a) :%l %? | ‘
) = £ : ’
(Section 13-3.) ' .

Rewrite if necessary and add.

Nw
I

[

L]

(:b). +a;%=

Fw

-

Fill the blanks. L ' T

(a) The number : is a muiéiple of every numbe'. »
(b) Every mumber is a multiple of . . .
(¢c) The first multiple of every nuiber is the .

(d) .Every number is a of itself.
(e) The first fiye multiples of 4 (except 0, of course) are
3 , , ,and . . - s
(f), The mmltiples of 2 are called " numbers.
(g) The first five prime numbers are , . , ,

. and T : !
(h) Prime numbers are multiples of exactly numbers.

¢ ?

140 . v
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6.

-

R L s A es Tame e Qmar v
. AR AR Y P TR ’
R e R LT PPy N - N : T d . ;
P ™ B . 5
0 - N S o , T Rl
. - N L : oo,

P
A

- ’w'. ‘ ) 7-

(Section 13-5 )

wFill the blanks.

’

(a) 1If, in a pair of numbers, one of them is a multiple of the other, \

then the number is the least common multiple of
the pair. . e
(b) The least common miltiple of 4 and 16 is .

(¢) The least common multiple’of two prime numbers is the

a - of the twb. .

(d)' The L.C.M. of 5 and 7 4is . .-

(e) 1If two nuMberé have no common factors except 1,
L.C.M. is‘the

(£) . The L.C.M. of 9 and k4 is

(g) The L.C.M. of 15 and 18 1is .

(h) Every common muliiple of 2 and 3 is also a multiple of

their

of the two numbers.’

(Section 13-6.)

ﬂad the following rational numbers.
Page 7 af your tables if you need it.) Use the space at the right
fgr your work. '

&

1.1 _
(a) 5+ 3 =

(You may use the flow chart on

3 _ IR I
(b) & + E = . I




"
&

. .
13-P-4
8. {(Section 13-7.) \ -
. Rewrite each ‘subtraction problem as an addition problem and then
find the answer. Use the space at the right for your work.

(a) 341 : B ‘

8 H - . «

(v)

S
]
Wi
1
’

1
of =
t

(a) -

QEU'”-F'

o~
[41]
o
g
]
oM
(]

9. (Section 13-8,).
Use exponents to multiply or divide.

(a) 01x10%=
(b) Lé: ~
-10

(c) 10° x 10 3

)

e Y

[N

SO
1




L
2 . '\ 13-P-5
&
_'{. ) 10 K
o (a) —F = .
= 10 .
A
!
i —
- 000 .
s ( ) ) _3_21___ = » .
{ ~ J00 . ~ ‘ /
i * _ /
{ = -
; .
1 1 . o
i (£) 157600 * 10,0006 = :
) '
. : : o i - -
M ! )
{
! " 10, (Section 13-9.) | o ,
_fg ‘ Rewrite géch problem using 10 -and an exponent. Write your
1 answer with an exponent.
t
t (a) 1,000,000-x .0L = X .
; s
; (b) “.000L x .0L = X
(e) .00l x 10,000 = T %
\- . =
100,000
A = —_—
(@) =5or —




1

By g i, ity
.

<F

g 3 By "
YRy e ke ey hee gy

" (b) 297.457

(Section 13-10.) ' - v
Write these numbers using scientific notation. Use the flow chart.: * ;‘

on page 13-10e if you need it.

A

(3) 456,000,000 =

(e) \90016h2

54600.7

.0987523 =

(Section 13-11.)
Fill in the chart.

Fraction’ Decimal Numeral Percent

) s 50%




TEST
1. Addition snd Subtrackion, Use the line below the problem to .
" rewrite it%essary.
a) 5 F711 = )
() 4 -7= B
) r . ,',‘ \
(c) "8+16=_ i B -
. N
Ly $
: ~“ “‘,;‘ .
(d) 3 - “I-I- - N ”
T
(e) "9-2=
T
2.  Multiply. ;
(a) 39 =
(b) 15+ 2=
() 78-3-= =
(@) &.77=
(;\i °
3. bivide.
iy 36 ’ :
(a) -).P - ‘ \‘
() =2 = .
3 ——————eeeey
. (C) __g, = : ;
145
AT,
D ‘ -
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L (b) 15 and 8:  L.C.M. 1is

k. Find_'l':he L.C.M. of each pair of numbers. i o
(a) 3 and 12: L.C.M is '
(¢) 9 and 15 L.C.M. is

5. Add. Use the space at ~the z;i'ght for your work.

v 2,1
(a) 5'*"[" =) - . .
» e
2 (b) %-{..].-.é. = ) -

6. Use the line below each subtraction problém to rewrite it as an
addition problem. Then find the answer. *The space at the right
is for your work. ;

@ $-3-
(b) %-%—: *
/ 5 3 _
(C)‘B-_E-
D
'  1kg

AT
ey




A . _ 13-T-3

7. Rewrite the following using exponents. Use an exponent in your
answer.

“.

(a) 1000 x 1000 = X

(v) .00l x 1000

PN

]
X
.

Yy 1000 -
(c) 1,000, 000

L
@ 2 -

1000

- .
8. Write these nufibers using scientifi‘c not_ation.
" (a) %0.6 =

(v) 274,820,000 =

(e) .00006821 =

(d). .00567 = ,

9.  Fill in the, chart.

-

Fraction . Decimal Numeral - Percent
50%
124
2 * '
L} . 3 :
- \ . ~
) . 1.125
4 . 1 %

A}
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. EC is the perpendicular bisector

2.

3.

»

Check Your Memory: Self-Test

(Sections 9-5 and 9-8.)

of AD . Therefore,

. AARC=A
by-the property of
congruence, N

-

‘ (Section 9;h.)

Using the line segment below as one sidé, construct
a triangle with all three sides congruent.

(8ection 9-7.)
Use the triangle you just drew as.one half of a rhombus and

complete the rhombus.

* 148
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ime
i

. N RN

I . T,

N e ey ey Sl
P . .

k4
-
M ‘lu
%o
B
s . "
5 -
i
5.
A
¢
.
4
6.
«
.
.
.
=
)
“

{a) .06 . .039%5

.- .
- d
h b

(Section 10-6.) -~ o
Cpmpare‘thegé‘numbgrsl“$how§wh;éﬁ-is smaller by putting < or >
between tbe@.ﬁ oo ey, ‘ )

(b) <2001 .. - .096.

’
.

(c) 3.0mh 2.6 .

(@) 397 ___ - .39m0 -
(Section 10-13.)

Add or subfract. Watech the signs. .

(a) .0321 + .76 =
(b) 2.751 + 13.5aé
() .309 - .27= \
{d) .0126 - .0Ok5L

n
r

(Section 12-2.) o : .

" For the following pair of similar triangles, write the. scale factors
end then find the lengths that are missing. i . "

Scale Pfactor: and .
X = A Y
y=___ '

149
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7. (Section 12-8.) N -
‘ Write the missing numerators and denominators. Then solve the

+

problem.- R
(a) To find 404 of 4o s Yyou write: :
N . X {Use the space below for - .
) N “the arithmetic.)
Lo of 40 is . _ o

(b) To find what percent of 60 the number U5 is,=§ou write:
’ p'e .

6 ~ 60

.

. 4  of 60 is s, 3 .

(c) 'To £ind what number 18 is 505 of, you Write: s B

— 50

-;d. : o " , . .“
18 is 50% of X : é _ . ~

Now check your answers on the next page. —If you do not have them all
right, go back and read the sgctipn again.

- 150.




Answezs .to Check Your Memory' Self«-Test

- R : . T __::»‘—“,\‘:.‘_n»\ N T 7 ' .
A ABG & A DB(,b ‘by the SASf,congruenc& properby. c )

: Your man'gle shou}d have looked Like thiS°

. -~ - ht v “# ; - .
MR~ 7o Provided by ERic Yo L. 4 [ = - ) 7 L, )
;oo F P o o N N

., - P . . . N N ;




.;g‘\

N mew

e

. (a)
(®) -
(c)

(a)

(a)

(b).

(c)
(a)

Scale factor: -

.‘06_ > .0395
2001 >.-.096

3.0k > 2.6
397 < 3911

7921
15.279
: 039

00809

ol -

x=5
y =12 v

(a)

(v)

: (c)

6 =

Yo - x
100'1»6‘
Lod, of o is 16 .

s

x 45

¢

9% _ ot 60 is 45 .

18 50

=

X ~ 100
18 is 505 of 36 .

and 2 .
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- BT L ".‘Chapter 14

T 14-1
o N 5 . PERPENDICULARS
Congruent Figures ané Motions &
t' N You have learned that two geometric figures are congruent to each

other if they have exactly the same ‘size and shape. Two figures that
are congruent may be made to fit together by & motion. In this part of
the chapter we wili look at three types of motion. For example, the
figuref A on the left may be made to fit onto the figurg B by a .
\sliding motion in the direction of the arrow. We say that.figure B

A D B!

is the slide image of figure- A, or that the slide maps figure A
onto figure B . Likewise,. figure- B' ig ‘a slide fmage of figure A'
because a sliding motion in the direction of the right-hand arrow

carries --A! onto B' .

Lodk at the congruent flgures shown below. There is no slide that -
will m_@‘ figure R ontq.f_.igure.,sck IR :

-
v -

N,But figure ‘R may be made to map onta figure S by a turn about point X
ag a center ‘of turn. We say that'figure S is the turn image of figure R,
or that the turn maps figure R onto figure § .

Iﬁ&

¢
X
Y
. )
~—~




. RN
LN ol .
W amey o v Ay Vf"“Ty

1k-1a

The center of turn may even be a point common to the two figures.
Look at the congruent Pfigures shown below.

M
A% -

The third basic motion that we will consider is the flip. You can
think of a flip as the motion involveé when you turn over a sheet”of
paper. In the process of flipping a sheet of paper the plane of the paper
is rotatéd about a line as shown below. .

A

| ) N g

In this case, the line 4B is called the flip axis. Look at the

congruent pair of figures, E, Bnd F » shown below.




. .
14-1b
Figuré E may be made to map onto figure F by a flip about £ as
the flip axis. We say that figure F is the flip image of figure E'
or that the flip maps figure E onto figure F .

In the figure below, note how the figures are related by £lips about n

A
|

and m .

It is interesting to see.that sometimes two congruent figurés can
be made to map omto each other by different motions. For example,
figure H can be made to map onto figure ‘G by a flip or by a turn/slide

or by other ways. Find one other way.

/

(508

P

/ N\

S
e

Al
a

e — et e e

turn/slide
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Exercises
——————

1. In eéch case, the given pair of figures is congruent. For each

’ congruent pair, show exactly how the figure marked (1) may be
mapped ontc the figure marked (2) vy using the motions of: slide,- .
turn, or’'flip, or a combination of these methods. ‘Use arrows
to show slides or turns and dotted 'lines to show flip axes. Try
to show more than one method of making the figures map Yonto each ‘

other, ~ - - T .
- VAN
Example.
o~ (1)7
NV
Possible Solution: Pogsible Solution:
"\ . r_'._./\_ .l Va N
. (2) |l ) (2)
P. ’ — __J
‘ ‘oa f P , ’
() . ’ ' (1)
oo )
turn about Point P turn/slide
Possible %olution: Possible Solution: ’
fr——— \_......1 ] /. . i} - /\
{ ) : )
: : : (2) : . (2)
L s oo g e i s e et .
op | e T Y Sy -—
| QT T
* (1) ! . (1) —) |
% ! AV ana SV e
¢  turnfrlip . - slide/flip -

Can you find any others?  (Hint: There are some!)

4 “ AN
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(2)

m

(e)

(4)

(1)

(2)

K.

(1)

2)

(

‘Tg)

(£)

158
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3

2. The figgres below are to be £lipped on the dotted lines as axes.
In which cases does the figure map onto itself?

é
:

N

For each figure below, draw all flip axes such that the figure maps
onto itself. .

.
s

-

(a) - (v}

Can. you- think of a figure that has infinitely many flip axes?

r . &

v




w

. E 14-1f

BRATNBOOSTER, )
5. Think of each figure below as a wall design that extends forever
in both directions, What motion or motions will carry the design i
onto itself? i
(a) on‘onoooo - ¢
LS
(B) Name two tyres of motion that will carry this design onto itself. ) 3"

i I/ A / /l ViR
VoV VoV

(¢) Neme two types of motion that will carry this design onto itself.
Can you find a third type of motion?

A

¢

N

¢
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Congruence of a Figure with Itself

Before you start this lesson your teacher will give youa 3 x5
card. Label the corners of this rectangular card with capitai letters, .
as shown below. Now turn the card over and label the corners on the
back so that A 1s inback of A, B 1is in back of B , C.isin

back of C ,. and D is in back of D . a®
.. « ! >

.4

" Remove Page 14-2e from your notebook and place the card in the
center of the page. Trace along the edges of the card so that you draw -
a rectanglé. Label the vertices of the rectangle as shown below.




Now, In how many ways can you fit the card back onto the
rectangle? One way would be to slide the card back onto-the
rectangle in the exact posixion it was when you madé the tracing.

-

\&cﬁgéngsk “-2e

-‘ - \ . N (’;
Th}s fitting shows the identity cghgruence

ABCD sz ABCD .

Notice that there is a correspondence between each corner.of the;nérd .

and theivertices of the rectangle that lboks like this:

We always write éongruences -1} that we can tell, even withou't looking at’
the picture, which parts of the figu.res correspond. . The picture below
is an example of what we mean by this correspbndenée.

.

w - ~




1.

4

Class Discussion

(a) Place your cazjd back on the tracing 8o as to show the identity
congruence, . ABCD = ABCD . #

(t) Now make a half-turn with the card so that the corner A takes

_ @ position at C , the corner B takes a.position at’ D,f,, the -

corner C takes a position at A , and the corner D takes

. " a position at B . Q\ .

\;7[0

—Ac) This fitting shows the congruence- ' .

ARCD = . .

(a) Place your card back on the tra@ing so as to shgw the identity
. ->
‘congruence, ABCD = "ARCD . ’

4

~ )
(b) Now take the card &nd flip it about its vertical axis ) ,

2

.
& -

so that corner G takes a position at D , corner B takes a
positionqt A, corner. D takes a position at C , and
corner A takes a position at B .

{e¢) This fitting shows the congruence

ABCD

n

163
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3. (a) Place your card back on the tracing'so as to show the identity
congruence, ABCD = ABCD .

-(b) Flip your card about its horizontal axis

‘:D”E_\/\-‘ * ’r - . \G\ .
- — — — ] s e i, o o s, e e s ke e e o e e e »—

L e . -

Koo B

and fit it back on the tracing.
(c) This fitting shows the congruence

ABCD = : .

r

You can see that with a reéténgle there are four different positions

in which we can show congruence, and in each case the correspondences

are different.

Exercises

1. ‘The figure below is celled an.isosceles trapezoid with AB || OC

end AD = EE‘. Write two correspondences that:-show that ABCD - T
. 1is congruent with itself, - ‘
' A B
D c
(a) ABCD = __ (b) ABCD =
-~
' 164
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2.< The triangle be]:ow is en equilateral triasgle. " In an equilateral
o "tr:tangle all three ‘sides are congmezrt. Write the: correspondences
" “that show that A ABC is congruent to itself. There are six .

-«

- sucb correspondences. A .

; > (a) AAE.E . | ‘“A"(d) A ARC =
'(b) AABC = ' ’ (e) A ABC = )
(¢) AARC = (£) A ARC = )

. 3\1 <'I'he .ﬁgure below is a square. Write eight correspondences that
show that RSTV 1is congruent to itself

R
‘ » 7
_ v . P
(a) RSTV = . () RSTV= .
(b) RSTV =z (f) RSTV =
(¢) RSTV = (g) RSTV =
7 . .
(d) RSTV & .(h) -RSTV =

165 AN







Right Angles and Peipenaicular Lines

In an earlier chaptet you learned that if two_lines interseqt and
" the four angles formed are all congruent then the lines are perpendicular
t0 -each other. - o Y/
PO , i1

The exerciseé that follow will give you a chance to review some -

-

of the ideas of perpendicularity.

Exercises

To the right, -make a sketch
showing that & ray pointing -
north and a ray pointing
east are perpendicular to
each other, thus forming

a right angle.

A ray pointing north is also perpendicular to a ray pointing
in what other direction?

A ray pointing east is also perpendicular to a ray pointing
in what other direction? ’




.2:  The cifcle"to the right.is
hgrked ~évery‘ 10 -degrees. .

One pair of perpendicular.rays &g,

[y

A4

— -
is CA and (G . Neame

. ». another pair of ‘perpendiculai
g ‘rays:
a'nd. - .
. ° .,
;L , R

Ay . ’

Y ) 3. "/ AOC - and / BOD are right anglesy— -
‘ "-‘and m/ COD = 30 .

“(a) m/COB = D ’ '
"(b) m /£ AOB = B
" (e) m/ DOA = 3¢

‘ ) ‘. . . - ° 3. ‘ =‘A

PN
AN
R

BRAINBOOSTER,
Y. Take a piece of paper and try to fold and crease it twice so that

- when you open it Yack up the creases will be péi‘pendic_:ular to -
each other.
-:/. ' . -

: o , ' 168
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Sets of Equidistent Points in a Plane (Perpendicular Bisectors)

In the drawing below the distance from point P to point A is -
the same as the distance from point P to point B . Therefore'P
is said to be egquidistang from A and B. -

. . s P

- Class Discussion
l. Use a straightedge to dvaw K?V, PB, and 1B .

2. What kind of figure has been- formed? kg

3, This particular type of triangle is called an isosceles triangle
(a), What do you kdow about m PA and *m PB ?

(b)"If two sides of a triangle are congruent, then the
i ) triangle.

k, Suppose we take the 1sosceles triangle A APB and, using the line
that passes through point A and B , _
as a flip axis, we flip over the trlangle P
so that we form a figure like ‘ -
the one on the-right.

(a) Is PA=x=PA 2

(b) _\IS P' = ’B ? "'————I B—————-——"
(¢c) Is P'B= BP ?

(d) Is* BP =~ AP ?

() Then PA, P'A, P'B and BP

are all .+to each other. P!
(f) What kind of figure is APBP' ? ,
1A0




1h-ba -

; ) ~
' Y
' 5. In the figure of Problem 4, drew the diagonal PP' and label -the
point where the diagonals intgrsect', M . By using the SSS property
-of congruence, we can show that . A APM = A EPM . See if you can

follow this reasoning:

(1) AP = TP This was a given fact.
(2) A= MB The diagonals of a rhombus bisect
) T ’ each other.
(3) PM=x PN Identity congruence.
» - ’ ’ «
Then, by the SSS property of congruence, ’ v

~
A APM = A BPM .

13
Exercises

1. Below is a line éegment AB and its perpendicular bisector £ .

] P -

»w‘

- Y
‘ “~
(a) Pick any point on ‘£ above AB and label it P .
(b) Draw ‘PA and PB . ‘
(¢) Show that any point P that lies on £ is eqﬁidistant
from A and B, To do this, use the SAS congruence property.

(1) M= MB becaté.se . . '
(2) £ AMP = / BMP because . .
(3) MP = MP because .

(4) Therefore, AAPM= A . '

., Now, since point P was any point on £ , +this tells you that each
point on the perpendicular bisector £ is equidistant from A and B,

[
Y

170 ‘ >
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'(a)
. . (b)

(£)
(g)
(n)

.(d)'.

’ \

4
B
- . 4
v - + *
. & N L e
- [ ~ - «
N . . -
’ t
< . “ ) \
4 . , -
. C ! .
Draw BC and AC . e

Consgthz the perpendicular bisectors of BC and AC such
that they intersect.’ ’ ' . ]

label the point of intersection of the perpendicular

’D L 1Y ’

Biseqtors,
Are points A, B, an¢/ C equidistant from point ‘DT .

b3S

Piace the needlepoint'of your compass on point. D and the
pencil point on point A .

Now draw a circle.

Do the points B and C lie on the circle?

If you are given any three points of a circle, can you

always find the center of the circle?

)




¥ (a) Find that certain.point. Lé%el it 0,

) - 1bkebe

»

-

oB

“1'“ .C

(4

<

3., Points A, B, and C are all equidistant from a certain point.

. (b) Make a éraw:i.ng that shows:all the points ‘equidistant from -

. point O .
- (c) What is this figure called?
I o
1 4

“172.
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Think of the draw{ngs above as repreSenting a wheel going down-
fll on leVel ground, *and then uphill. )

In each case, line z touches the clrcle at exactly’ one point
and is therefore called a tangent Point P is called the point of
contact or point of tangency:- T e

Ciass;Discussion

-l: .Por each of the circles above, draw OP *

What do you think is the relation between the tangent line £
and the radius OP ?

Mathematicians can prove that:

(1) A line tangent to a circle is perpendicular to a radius
at the point of tangency.

(11) A line perpendicular- to a radius at its outer endpoint
‘is tangent to the circle.

-

1Y
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3. Pictured below is a circle with center O and diameterlézﬁ.
(A line segment through the center of a circle is the di eterl
if its endpeints lie on the circle.) Point P is a point on

the circle. \ .

-
-

(a) Draw . Be sure ﬁhe‘ray extends past point P .
(b) Use your compass and straightedgé to construct a line
perpendicular to AP passing through point- P ,
. {c) Does the line you just constructed also pass through
" point B ? _Tt should. \
:(d) What kind of an angle is [ APB ? ,
i “.(e) vhet kind of a triangle is A APB ?




L sy

If you were to do the same cénstrucgtion for any other point on
the gemi-circle, the result would be .the same. '

Any~angle formed by two rays which have a_common vertex on a ‘'eircle
- ‘and which go through the endpoints of a-diameter of that circle is a

N

right ahgle. ) s . . -

Exercises

.
<

1. (a) In the circle below"draw ray .?T
(b) Comstruct a line £ perpendicular to ray ’3? passing through
"point P . )

" (e) " You know that the line £ you just constructed is perﬁend;cuia;

‘to the radius OP ; ‘therefore, Iine £ is = .

”

to éhe circle.

. ea

T . 175 | S
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—-— . . )

2.' You ¥ill now construct two tangents from point P +to the circle

drawn belbw.

" Drew OP .
Find-the midpoint M of 0P by bisecting OP .
Put the ﬁeedle point of your compass on point M and the
pencil point on poing- P. .
Now draw a circle intersecting th other circle in‘ WO
points. ' ‘
Label these points of intersection § and R .
i)raw W and PR . Both of these lines are tangent to the
circle at points @ and R.




. _14-54

3.

Two nails are driven in at A and B » and a carpenter's square

is pressed against the nails €5 shown.

.

Degcr;pe the path of pgint ,C as-the carpenter's square is moved

-

17 Af)




Triangles and Paper Folding

. — -

¥

Class Discussion ) -

lj Take Page 14-6c out of your notebook and.place it on your desk.

Fold the paper sq'tha% c t ! \
falls on top of A, and
crease the paper along
the dotteg‘wline £ .

Line £ is the perpendicular bisector of AC .

.

Now fold A on top of B, and crease the paper to show the
perpendicular bisector of AB .

Now fold B on top of C, and crease the paper to show the
perpenidicular bisector of BC . '

(a) Use a straightedge and draw the lines represented by the

) creases. R '

‘(g" Look at the three perpendicular bisectors of the three sides
of the triangle. Do they imtersect at a ‘point?

(c) Place the needle point of your compass at the point of - _
intersection and the pencil point on verteil A ., Now draw a
circle. Do the points B, énd o] lie on the ¢ircle you
drew? ’ ' 3 ’

(@) Is the point of intersection of the thréee perpendicular

bisectors of the three sides of tge triahglé equididtant

-

from each vertex?

-~




2.

‘midpoistt of BB ..

_Then™Fo¥d the paper so that

CM° is called ‘a median of the

B falls on BC and the

EP is called an altitude

L

14-6a

-

" Take Page 14-6d out of your notebook. Fold B on A and pinch

the'pq er at~ M to mark the

the crease passes through C
and M as shoWwn by the
dotted 1ine. 2 .

triangle.

Using the same method, find the median from B to AC and the
median from A to TEC . } .

" (a) Use a straightedge'and draw the lines represented by the

creases.

(b) ,fb the three medians intersect in a point?

. . ) B . . ”~ *
Take Page 1li-6e out of your notebook. Fold the paper so that
. o('
crease passes through A

ag shown.

of the triangle.

Use the same proeedu;e to
find the altitude from B
to Ké and the altitude
from C to AB .

(a) Usela straightedge and draw the lines represented by the

creases.
(b) Do the three tltitudes intersect at a point?
(e) Isleach~altitude perpendiculgr to a side of the triangle?

179 .




N

L

-

~

- ’

Take PEge 14-6f out, of your nptebook;'
B . .

. __Fold the paper so that BB falls
along AC and-crease the paper

along the éoti;ed line £ as
shown: - ’ *

Lin'g y/ ,-is ti]e bisector of [/ A .

. In the /s’a;mge way fold and

crease th’é ‘paper ta show the
bisectors of /B and /C . /;

A

(a) Use a straightedge and dragw the lines represented by the creases,
'(b) Do the three angle bigsectors intersect at a boin‘c?
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Exercises

1. Use the figure below to answer the.questions that féllow,
ML= MB and £ ACF = /BCF .
S

¥
C

al

E yF M

Name a segment that shows:

(a) a perpendicular bisector of a side of the triangle.

(b) a median of the triangle. . o

(c) an altitude of the triangle. .
(a) "an angle bisector of an angle i; the triangle.

2. A ABC is*an isoscq}eé triangle with ‘BB =~ A€ . Use eompass
straightedge to construct: A

the perpendicular bisector of EC .
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_Pre-Test Exercises

‘These exercises are llke the problems that will ve on the chapter
test. If you don't know how to do them, reed the section again. If you

still don't understand, ask your teacher.
1. (Section lh-l.) _
The figures below are congruent. Uéing arrows to show slides

or turns and dotted lines to shoW‘fllp axes, .show two methods of making
triangle (1) map onto trlangle (2) . '

)

2. _ (Section 1k4-1. ) . E R

In the figure below, draw a flxp axis’ such tbat the figure maps onto
> itself. ] . L, -

. . .
. .
M »
- , . -
\ T e
. .
. H .
.
.




3.  (Section 14-1.)

. How many flip axes does the figure below have?

-

£

<4, (Section 1k-2.)

The two triangles below are congrueqt.'*List the corresponding

parts for each triangle. '

corresponds to
. corresponds to . .

corresponds to

Y . / corresponds to / -
corresponds to [/
. : £ .
/ corresponds to [/

. 187
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-

5. (Section 14-2,)
‘ The figure below is an isosceles right triangle where CA = CB .

Write two correspondences that show that A ACB is congruent

to itself.

; A ‘ .
C B

(a) A ACB = (b) A ACB =

6. (Section 14-3.) )
Name a pair of rays that are perpendiculas to each other.

7.  (Section 1k-4.) i .
In the figupb below line £ is the perpendicular bisector of AB

gnd point P is on line £ . ®rawv PA and PB . What kind of

triangle have you drawn? -~

[}
£

P




.
‘e

S 8. (Section 14-k,) .
. All points on a circle are equidistant from the . of
“ _ the circle. ) ‘

-

.. o

. 9. (Section 14-5.)
In the drawing below, line £ touches the/:ircle in exactly one

" point, P ;. therefore,, the line is / ) to the circle.

~ v < P

-

- 10. (Section 14-5.) . : . o

L7

& - The drawing ‘below shows tha.tl a line tangent to a circle is
' ] to a radits of the circle.

* . 4 Ld




14-P-5

1. (Section 14-6.) .-
In the triangle below, draw in:'
(a) the perpendicular bisector of " AB .

. / ’
(b) the altitude'from € to AE . L . ‘
(c) the median from A to GF . '
# (d) ‘the bisector of "/ B . '

190
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(1)

~
2. In the figure below, draw a flip axis such that the figure maps
omto itself. o

.
7 v

. . 191




. R . . . . . lh-T-2

L, The two triangles below are éodgruent. ,List the corresponding -
parts f6r each triangle. v C
B F

, A c
D ‘

corresponds to

corresponds to

corre%ponds to
corresponds to [/ ¢

corresponds to

corresponds to

5. The figure below is an isosceles triangle where A = CB .
Write two correspondences that show that A ACB is congruent
to itself. ' C. )

(a) A ACB = (b) A ACB =




) | ' 1h-r-3 .

Neme a pair of rays that are perpendiculer to each other.

7. In the figure below, line 't is the perpendicular bisector of"iﬁ .

v Points P and Q are on line £ and are equidistant from M .
Draw PA, PB, QA , and QB . What kind of a figure have you
drawn? - o )

-~ A p ' po—
/
- g - ! —-
B

’8.  All points on a circle are

from the center of the circle. S

193 ‘
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s

9. 1If a line is tangent to a cifgle, then the.line touches the circle

in exactly point.’y, *
D Y

«
§
¥ .

10. The drawing below shows that a liné
to a circle is perpendicular to a radius of the circle.

I / |

e

.
st
» N\
P
[

Y
11. 1In the triangle below AM = BM/and / CBF.= / ABF :

(a) Segment DM is called the ‘of AB .
<

(b) Segment CE 1is called an

(e) Segment tM 1is called a

(d) Rey BF the angle at B .
. C :
D
F
o
1 u
A : B M B
\
g 1
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Check Your Memory: Self-Test

1. (Section 11-3.)-
' Using a compass and straightedge, construct a line through point P '
parallel to line Kﬁ .

2. (Sections 12-2 and 11-8.)

D
A_._
25 B
E
65
c F
Are the triangles shown above similar? If so, what

milarity property did you use?

195

201




Now check your answers on the next page.

14-R-2

A .
(Section lg-7,) ) -
Use ratios to solve these problems.

~

(a) 25%‘of 48 is

(b) 150% of 60 is . o

A}

(c) What percent of 75 is 15 2

(Section 13-2.)
Divide. ) o .

(a)

(O]
\n

=
s
(e}

1

(b)

]
[
|

s
I
/

(c)

4

(d)

~~
(]
N
1 )
J5 sle
\j\n al

(Section 13~7.)“

Subtract. (Use the right side of the page for your work. Write the

answer in sfmplest form on the blank.)

-3
() 2-5- -
@ -1 ‘
® §-8-
SERS

go back and read the section again.

196
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If you do not have them all right,



' | . 14-R-3 . .

Ansvers Eg Check Your Memory: Self-Test

/

2. Yes. 'The angle at B is a 60° angle and the angle at D 1is

a 650 angle, so tﬁé-threé\angles of one triangle are congrﬁent

to the angles of the other. . . ’

3 () 155 -
®) 15 -

25% of 48 is 12 .
-

150% of 60 is 90 .

2 20% of 75 is 15.

23 -



